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SUMMARY
The castes within Indian society provides an array 
of endogamous units in reproductive isolation. The 
isolation is maintained by social factors. Within 
these populations the more recently discovered biochem­
ical polymorphisms have been little investigated and 
gene frequency data is scanty. Hence, eight systems 
comprising two serum protein groups, haptoglobin and 
transferrin, and six enzyme systems, adenylate kinase, 
phosphoglucomutase, 6-phosphogluconate dehydrogenase, 
lactate dehydrogenase, acid phosphatase and Peptidases 
A and B were tested in blood samples obtained from some 
castes in the southerly State of Tamilnadu in India.
The castes chosen for study were the Brahmin, Naicker, 
Reddiar, Nadar, Thevar and a number of other castes 
grouped under the heading of Miscellaneous castes.
The haptoglobin system discriminates the castes in 
the present study. The Brahmin and Reddiar are charac­
terised by a significantly higher Hjp^  gene frequency 
than the other four population groups. A small number 
of families were tested for interaction between the 
ABO blood group system and the haptoglobin system. In 
the present series the Hp gene frequency for children 
of ABO incompatible matings was not significantly 
different from that of the children of ABO compatible 
matings. The transferrin locus was found to be virtually 
invariable, with only a single CD variant noted in 
one Brahmin sample.
Polymorphic variability among the enzyme systems 
was confined to five enzyme systems with the Peptidases
A and B being invariable. In the adenylate kinase 
system the AK^ frequency of the Reddiar was found to 
be significantly different from that of the Naicker, 
Miscellaneous castes and Brahmin. At the phosphogluco- 
mutase locus, the second locus was found to be invariable. 
In the first locus the PGM  ^ frequency of the Nadar was 
significantly different from that of the Reddiar and 
the Miscellaneous castes, the latter was found to be 
significantly different from that of the Reddiar and 
Thevar. The 'Plaistow* or common variant was the most 
frequent variant found at the 6-phosphogluconate 
dehydrogenase locus. One other variant, 'Hackney1 was 
found among a member of the Miscellaneous castes. PGD 
gene frequencies divide the castes in the present study 
into two clusters, one formed by Reddiar, Thevar,
Brahmin and Miscellaneous castes and another formed by 
Nadar and Naicker. There were no differences between 
any members of one cluster, but they were significantly 
different from any member of the other cluster.
At the lactate dehydrogenase locus, two genetic 
variants designated as 'Cal-l' and 'Madras-1' were 
found, the latter was found among two members of the 
Miscellaneous group. The 'Cal-l' variant achieves 
polymorphic frequencies among Nadar, Naicker and 
Miscellaneous castes, with low frequencies in the 
Brahmin, and is absent in the Reddiar and Thevar. In 
the acid phosphatase system, PHs occurs with low frequency 
in Nadar and Thevar and is absent in the other four casteg
groups. The PHs frequency of the Thevar is significantly 
different from that of the Brahmin, Naicker, Miscellaneous 
castes, Reddiar and Nadar. Nadar and Reddiar are signi­
ficantly different from that of Brahmin.
A genetic distance analysis was done using the gene 
frequency data for the above mentioned variable systems. 
The castes in the present study were found to form in 
two clusters. One cluster was formed by Brahmin, Reddiar, 
and Thevar and the other being formed by Nadar, Naicker 
and Miscellaneous castes. On comparison with populations 
from western and eastern India the non-south Indian 
populations were found to be clustered with the Nadar, 
Naicker and Miscellaneous castes from south India.
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JINTRODUCTION
Publication of three major works in the early 1930's 
by Fisher (1930), Wright (1931) and Haldane (1932) formed 
the cornerstone of population genetics. They were mathe­
matical treatises concerned with the origin, maintenance 
and future predictions of genetic variability in human 
populations.
Genetic variability can be measured in terms of anthro­
pometric data or by scoring for discontinuous variables 
either of external morphology or of physiological and bio­
chemical systems. Among the latter can be included the 
increasing number of antigenic structures, or blood groups, 
on the surface of red cells (Race and Sanger, 1968) as well 
as the more recently explored serum protein and red cell 
enzyme systems.
Ample evidence exists for gene frequency differences 
for such serum protein and red cell enzyme systems between 
various population groups and this is well documented by 
Giblett (1969). However, gene frequency data is far from 
complete for all populations in the world. This scarcity 
therefore makes the collection of further data informative.
Gene frequency data for protein and enzyme polymorphisms 
in human blood should be also a reliable measure for computing 
the "genetic distance" between populations, a para­
meter which quantifies the sum total of differences among 
populations and aids classification of human groups. For 
genetic diversity between populations to occur the populations 
must have been separated from one another at some time in the 
past and persisted in comparative isolation so that forces 
generating gene frequency change, such as migration,
selection and drift could have acted to allow the 
maintenance and/or accumulation of differences.
II
The fragmentation of Indian society into mutually 
exclusive breeding units, provides an opportunity for 
studying the problems of human population structure, 
such as those of migratory patterns, regional selective 
forces, mating practices etc. In addition, a very high 
percentage of marriages in south India are between 
related individuals (Centerwall, et al, 1969). This makes 
populations of this kind useful for the study of such 
problems as the biological effects of inbreeding and 
estimation of genetic loads. These are, however, beyond 
the scope of this thesis.
Endogamous groups have been in existence in south 
India for more than two thousand years. It was thought 
important therefore, to characterise some of these groups 
by estimating gene frequencies for as many widespread 
serum protein and enzyme systems as could be determined 
with the facilities available and to use these data for 
the estimation of genetic distance between the groups as 
well as between them and other populations in India. It 
was hoped that such gene frequency and genetic distance 
studies could provide clues regarding the origin of these 
groups. The present thesis therefore, attempts to outline 
the nature of caste in India and provides some preliminary 
data on the genetic structure of several castes in Tamil- 
nadu. It concludes with an analysis of the genetic 
distance between the caste groups and indicates some 
areas for further research.
CHAPTER I
THE CONCEPT OF CASTE
Introduction
An observer of Indian society is struck by the social 
organization of the population into isolated breeding 
units known as castes, which are characterised by their 
strangeness and ubiquity. The institution of caste 
is complex, has its roots deeply imbedded in history and 
even today governs the life of Hindus who form the majority 
of India's population.
Ghurye (1969) discerns six outstanding features under­
lying the social philosophy of caste:
1. Segmental division of society.
Castes are well-defined groups with a life of 
their own, the membership whereof is determined by 
birth.
2. Hierarchy.
Everywhere in India there is a definite scheme 
of social precedence amongst the castes with the 
Brahmin at the head of the hierarchy. This social 
stratification is by no means unanimously accepted.
The artisan caste in south India have always questioned 
this classification and have rated themselves to be 
equal in rank to the Brahmin.
3. Restrictions on feeding and social intercourse.
There are rules as to the acceptance of food or 
drink between members of different caste groups. The 
rules are diversified.
4. The differential civil and religious privileges 
of the different caste groups.
The segregation of individual castes or groups of
2.
castes in a village is the most obvious mark of civil 
and religious inequalities which have prevailed in a 
more or less definite form all over India. The enforce­
ment of ceremonial purity and untouchability has been 
particularly rigid in southern India.
5. Lack of unrestricted choice of occupation
Generally a caste or a group of castes considered 
some occupations as its hereditary prerogative. To 
abandon these to pursue another that could be more 
lucrative, was thought not to be right.
6. Restrictions on marriage
Most of the caste groups are further sub­
divided into a number of sub-groups everyone of 
which forbids its members to marry persons from 
outside the sub-group.
The latter point has genetic consequences since 
the breeding unit is the sub-caste or sub-group.
These are further divided into exogamous sects known 
as Gotra among the Brahmins and generally referred 
to by other names in the other castes and tribes.
These sect names are transmitted along the male line.
One of the consequences of the Gotra, therefore, is 
to prohibit marriage between children of two brothers.
Another rule of importance in marriage patterns 
in India is the Sapinda rule. Sapinda prohibits 
marriage between cousins through the fifth cousin on 
the mother's side and through the seventh cousin on 
the father's side. In north India there is strict 
enforcement of this rule, whereas in south India the 
rule is not enforced and a preference is given to 
certain consanguineous matings such as uncle-niece
3 .
and first cousin marriages. This has been the subject 
of a number of papers (Sanghvi, 1965; Chakravarti,
1968; Dronamraju and Meera Khan, 1961, 1963 and 
Centerwall et al, 1969).
The Origin of the Caste System
The Aryan invasion of India is believed to have brought 
in its wake the organisation of Indian society into a class 
hierarchy. However, Kosambi (1956) and Karve (1961) suggest 
the existence of a class hierarchy among the indigenous 
people prior to the advent of the Aryans.
The invaders are believed to have reached India during 
the second millenium B.C. This is supported by historical 
evidence as mentioned in the Rig Veda. The invaders, who 
are referred to as the Indo-Aryans, belonged to Central 
Asia and were a branch of a large family of people desig­
nated either as Indo-Europeans or Indo-Germans. It is 
widely accepted that there was one major wave of invasion. 
However, Kosambi (1956) comments that there were waves of 
migration. The migrant groups were characterised by high 
adaptability and took to practices which suited them.
Kosambi (1956) adds that they were not genetically or 
physically homogeneous, though he presents no evidence to 
support this.
The earliest classification of castes is the oft- 
quoted Varna system. The word Varna as commonly used in 
Sanskrit literature, means colour, and the Aryans originally 
referred to the indigenous inhabitants as the ‘Dasa Varna1. 
This may be interpreted to mean that the indigenous popu­
lation inhabiting the Indian sub-continent prior to the 
advent of the Aryans, were dark skinned. However, Karve 
(1961) comments that Varna means class.
4.
According to the Rig Veda, society was divided into 
four Varnas, namely Brahmin, Kshatriya, Vaisya and Sudra. 
The function of these four groups was well delineated; 
the Kshatnyas were the warrior class, Brahmin represented 
the learned section, Vaisya the traders and Sudra were the 
class that served the other three groups. The first three 
(i.e. Brahmin, Kshatriya and Vaisya) of the four Varna are 
considered as twice born, characterised by the vedic ritual 
of the initiation ceremony, and were allowed the study of 
Vedas.
However, during the past thousands of years Indian 
society has evolved innumerable ‘Jatis’ (sub-castes) which 
practice endogamy. It is these Jatis that are the 
functional units of society. The Varna system is a theor­
etical all-India framework into which the myriad Jatis in 
any one region can be fitted. Apart from the Brahmin 
Varna which denotes a group of sub-castes practicing 
endogamy, the other three Varnas havelost their utility 
in classifying the Jatis in any one region. Srinivas 
(1952) comments that claims by local Jatis to belong to 
one of these Varnas is frequently disputed by others.
Ghurye estimates that there are over 2,000 Jatis in any 
one linguistic region. The members of a particular Jati 
are forbidden to marry outside the Jati and caste courts 
formed by members of a Jati or Jatis either in one single 
village or a group of villages, formerly maintained the 
rigid rules of the social system.
A common explanation of the origin of castes 
accepted by anthropologists is that they arose from the 
four Varna system mentioned above. This view is mentioned 
in ancient literature consisting of the Upanishads, the 
two epics Mahabharata and Ramayana, and the Puranas.
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The innumerable castes and sub-castes are believed 
by many to have arisen by a process of continual splitting, 
originating firstly, through occupational specialisation. 
Karve (1961) suggests that a few examples are known of a 
split within a caste leading to the establishment of two 
new separate endogamous units, but such cases she claims, 
are the exception rather than the rule. She continues 
that one of the ways of breaking endogamy was illegal 
unions across caste boundaries. In this category falls 
the practice of concubinage, unions with servants and 
prostitution. Servants and their progeny in such unions 
have given rise to a separate caste in Rajputana.
Karve*s interpretation of caste formation is that a 
region with its many castes and caste-clusters, having 
similar professions and/or identical socio-economic 
status, may have different origins. The castes and caste 
clusters of a region at any one time could have entered 
the region at different times. For example, a central 
Asiatic tribe migrated into India around the 7th or 8th 
century and succeeded in establishing the Empire of 
Gurjara Pratihara. The empire extended from Western 
Uttar Pradesh to Punjab and southwards to Gujarat. Endo­
gamous groups calling themselves Gujar are spread today 
from Punjab to Maharashtra. In the sub-Himalayan region 
the Muslim Gujars are buffalo herders: in the Delhi region 
one Gujar group tills land and another Gujar group leads 
a nomadic existence. In northern Maharashtra there is a 
Gujar group who are farmers: among Rajputs there is a 
Gujar clan and in Maharashtra a Jain caste called Gujar 
who are traders. Thus, a tribe spread widely over four 
linguistic regions managed to keep its identity within 
each region, took up different occupations and fitted 
itself into the caste hierarchy on different rungs.
6 .
Kosambi (1956, 1965) in a novel approach to explain 
the social stratification of Indian society into castes 
assigns an economic position which could determine the rung 
of the social ladder which the caste in a common market 
would occupy. The same caste may have different posi­
tions in the hierarchy for two different regions and if 
sufficient time had elapsed since the separation, would 
no longer intermarry, thus constituting two different 
caste groups. There is, however, some correlation between 
the position of the caste in the economic and social scale. 
At the lowest end of the scale are always found the purely 
tribal groups with a hunting, food-gathering economy 
characterised by preservation of tribal rites, myths, etc. 
Kosambi (1965) suggests that they (tribes) possess a 
lowered social and economic status because of their 
refusal (present and/or past) to take to organised food 
production and plough agriculture.
Anthropometric and Serological Studies among Castes in 
India.
Sir Herbert Risley (1901) first undertook to study 
the castes in India using physical measurements in an 
attempt to elucidate the racial elements which contributed 
towards the formation of Indian populations. Risley 
principally used averages in comparing the measurements 
taken from various castes. Since the primary purpose of 
the investigation was to institute comparisons between 
castes, the caste was taken as a unit. However, Risley 
devoted more attention to the classification and origins 
of the various physical types in India rather than to the 
problem of caste proper.
Risley classified the racial elements of Indian
7.
populations into seven major groups - 1. the Turko-Iranian 
of Baluchistan and North-West Frontier Provinces; 2. the 
Indo-Aryan type of Kashmir-Punjab and Rajputana; 3. the 
Mongoloid type of the Himalayas, Nepal, Assam and Burma;
4. the Dravidian type extending from Ceylon to the valley 
of the Ganges and pervading the whole of Madras, Hyderabad 
and the Central Provinces, most of Central India and Chota 
Nagpur; 5. the Aryo-Dravidian type of united provinces 
(Uttar Pradesh), Bihar and Ceylon; 6. the Mongolo-Dravidian 
type of lower Bengal and Orissa, and 7. the Scytho-Dravidian 
type of Western India. Ghurye (1969) mentions six physical 
types and B.S. Guha (1935) classified the Indian population 
into six main racial types, the classification being based 
on the computation of the coefficient of racial likeness of 
Karl Pearson.
Ghurye (1969) using the well-known anthropometric 
indices (cephalic index, nasal index etc.) attempts to 
throw light on the historical Aryan invasion of India.
Two basic assumptions are made by Ghurye: (a) that indices
obtained from Punjap and Rajputana represent Aryans and 
(b) that indices from the jungle tribes in south India 
represent aboriginal types. Granting these assumptions 
the Brahmin of Uttar Pradesh is closer to the castes of 
Chuhra and Khatri of Punjab than to any caste in Uttar 
Pradesh except the Chatri. Ghurye concludes that the 
Brahmin from Uttar Pradesh does not differ from any caste 
in Punjab. In his own province the Uttar Pradesh Brahmin 
stands out from the other castes, the lower castes being 
typified by a broader nose as exemplified by a higher 
nasal index. Bihar seems to follow the pattern of Uttar 
Pradesh though the differentiation between Brahmin and 
Chamar is not as distinct as in the case of Uttar Pradesh.
8.
The situation in Bengal is not the same as in Uttar Pradesh 
and in Bombay the situation is still more complicated with 
one of the Brahmin sub-castes, Desasth Brahmin, being 
closer to the fisherman caste of Son Koli than to its own 
compeer, the Chitpavan Brahmin.
A second wave of migration of Aryans with few or no 
women was envisaged by Risley to explain the inadequacies 
of the situation in Bombay and Bengal, which Ghurye (1969) 
suggests is not necessary since a gradation is noted when 
one moves into Hindustan (i.e. excluding Punjab, Uttar 
Pradesh and neighbouring states).
The first use of blood groups to discern differences 
between castes was undertaken by Sanghvi and Khanolkar 
(1949). The castes studied were four sub-classes of Brahmin 
and two other castes, Chandraseniya Kayastha Prabhu and 
Maratha. One sub-caste of the Brahmins seemed to differ 
from the caste Prabhu in four out of seven genetical char­
acters.
Vyas et al (1958) reported a study of blood groups 
and P.T.C.. taste reaction and colour blindness among six 
endogamous groups consisting of five castes and one tribe, 
and Sanghvi (1966) summarised available blood group genetic 
data for six tribes, one semi-tribe and six castes. The 
six tribes had their origin from a common ancestral stock, 
the Bhils, and the variation noted was a reflection of their 
adaptation to local environment. It is significant that 
the genes which are classified as most variable in frequency 
include Hb-S and Rh-D which are known to be subject to 
significant selective pressure.
Sanghvi suggests that genetic variation among the 
castes is influenced by their racial history in addition
9.
to local variation due to adaptation. The two trading 
castes seem to be of different origin and so to do the two 
Brahmin castes. This is exemplified by Brahmin castes in 
other regions. Sanghvi concludes by saying that"Genetically 
they seem to be a mixed bag, with a considerable contribution, 
in some cases from the indigenous people of the region1'.
Karve and Malhotra (1968) studied blood groups, anthro­
pometric and anthroposcopic characters among eight endog- 
amous sub-groups who all called themselves Brahmin. They 
concluded that the sub-groups were different, and a caste 
could be thought of as a cluster of groups which have 
attained at different times and places the same social 
rank, but who have kept their identity as endogamous units.
Majumdar and Rao (1958) published an extensive
account of their study based on both anthropometric and ABO
blood group data on the castes in Bengal. The study included
228 caste groups and Mahalanobis1s generalised distance D
was computed for anthropometric data. Seven groups were2found to have a high D value not only among themselves but 
also with others.
An interesting finding was observed on the caste 
groups Brahmin, Baidya, Baisya and Kayastha. The Kayastha 
of a region was closer to the Brahmin in the same region 
rather than to Kayastha in another region. This was also 
found to be the case in Baidya and Baisya groups. The 
study noted an absence of caste clustering as well as 
regional similarities.
The Muslims of Bengal are a heterogeneous community 
and this was borne out by the study. A noteworthy point was 
the demonstration of the closeness of the Muslim with the 
non-Muslim groups. The conversion of Hindu to Muslim during
10.
Muslim rule is an indisputable fact and it is likely that 
the converts were derived from the local community. It 
also seems that the converts were not confined to the 
lower castes alone but were also drawn from the higher 
castes.
Majumdar and Rao (1958) commenting on the ABO blood 
group data, found that it did not provide a discriminant 
function for the ten caste groups studied. The blood 
group data for the Muslims seemed to indicate a local 
origin for the Muslims of Bengal. Majumdar and Rao 
(1958) concluded from the blood group data that between 
Brahmins, Kayastha and Muslims, based on large pooled 
samples, the differences were not significant, but 
Baidyas appear to be separated from the other Hindu castes. 
However, differences between castes and tribes seemed to 
exist with tribal populations characterised by a lowered 
0 gene and a higher B gene frequency.
11.
CHAPTER 2
THE SAMPLE POPULATIONS
Introduction
Tamilnadu, one of the southern States in India, and 
formerly called Madras State, is situated at a latitude 
of 8° to 14°N and longitude of 77°-81°E with Madras City 
as its capital. Tamilnadu has returned a total population 
of 33.6 millions in the last census (1961).
Collection of blood samples from south Indian popu­
lations was done in three field trips to Madras. The first 
field trip was carried out in June-July 1968 and the second 
and third during the periods of January-April, 1969 and 
October 1969 - January 1970.
A substantial portion of the samples were obtained in 
Madras City since collaboration was arranged with the 
Voluntary Health Services Medical Centre in Madras. The 
Medical Centre provided the assistance of a qualified 
medical technologist and laboratory space and refrigeration 
facilities in its blood bank. The remainder of the samples 
were collected in smaller villages in and around the village 
Nanguneri in the southerly district of Tirunelvelli in 
Tamilnadu (Map 1 ). Samples were taken mostly from un­
related adults.
The family material referred to in Chapter 3 was 
collected from Madras City. Families were contacted through 
the family registry of the Voluntary Health Services Medical
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Map 1. A map of India showing areas where samples were collected 
i.e. Madras City and Nanguneri in Tirunelvelli District.
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Centre and through medical practitioners. Caste was ascer­
tained from the families though sampling was regardless of 
caste.
Handling of Specimens
(a) Collection
Samples were obtained by venepuncture using 
either 1Vacutainers1 (Becton, Dickinson and Co., 
Columbus, Nebraska, U.S.A.) with sodium salt ethylene 
diamine tetra acetic acid or potassium oxalate as anti­
coagulant or with Venules (Bayer and Co., England).
The tubes (Vacutainers or Venules) were numbered prior 
to collection with a glass marking pencil and the 
number covered with scotch tape to prevent rubbing off. 
Immediately after collection samples were stored in a 
vacuum flask with wet ice or in polythene containers 
with wet ice. Samples collected in Madras City were 
transported as soon as possible (usually within a few 
hours) to the blood bank laboratories of the Medical 
Centre, care being taken to replenish ice supplies 
if the collection continued over a lengthy period. 
Samples collected in the villages of Tirunelvelli 
were collected in the same manner as for those coll­
ected in Madras City. Samples were transferred to the 
refrigerator in the local medical centre and stored 
there until they were ready for transport to Madras 
City to be processed. Samples were shipped by rail 
in polythene containers packed with ice. Samples 
reached Madras City not later than 3 days at the 
maximum. They were removed immediately upon arrival 
at the Medical Centre for separation and storage.
(b) Separation
Plasma or serum was separated by centrifugation
13.
at 3000 r.p.m. for three minutes and stored in small 
glass vials.
1 ml of red cells (if no anticoagulant was added 
the clot was broken with the aid of a glass rod, 1 ml. 
of saline added and the fluid part aspirated with the 
aid of a Pasteur pipette: this procedure was found to
yield enough red cells for the purpose) was taken and 
and equal volume of normal saline added (0.14 molar 
sodium chloride) and after thorough shaking to ensure 
mixing, was centrifuged for 2 minutes. Supernatant 
saline was removed and the procedure repeated three 
times with the addition of fresh saline each time.
After the final wash the supernatant was removed and 
the red cells were lysed by the addition of an equal 
volume of distilled water. The lysed red cells were 
stored in small glass vials.
Samples after preparation were stored in a 
liquid nitrogen portable refrigerator during the first 
field trip. In the subsequent two field trips samples 
were stored in a deep-freeze at -20°C.
(c) Transport
Samples were shipped by air from Madras to 
Canberra. During the first field trip samples were sent 
in one lot in the portable liquid nitrogen refrigerator. 
In the subsequent two collections samples were sent 
in polythene containers packed with wet ice. Samples 
being sent in two or three consignments during each 
field trip. Samples on arrival in Canberra were 
immediately removed to the deep-freeze and stored at 
-20°C until used.
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A Brief Description of the Populations Studied
Populations in Tamilnadu as in the rest of India, 
are divided into castes. An accurate estimate of the total 
number of castes in Tamilnadu is not known since census 
records do not ascertain caste affiliation whilst enum­
erating the population. Ghurye (1969) estimates that 
there are about 2,000 endogamous units in each linquistic 
region, an estimate which could be true of the Tamil­
speaking populations in Tamilnadu.
The castes selected for study were chosen at 
random. The sample consists of five castes: Brahmin, 
Naicker, Nadar, Thevar and Reddiar, which accounted for 
730 of the 859 persons sampled. The remaining 129 persons 
belonged to a further seven castes and have been grouped 
together under the heading of Miscellaneous Castes. All 
the castes occur throughout the state of Tamilnadu.
However, Nadar and Thevar are found in higher concentrations 
in the Tirunelvelli district.
TABLE 1
BREAKDOWN OF SAMPLE INTO CONSTITUENT CASTE GROUPS
Caste No. Sampled
BRAHMIN 148
NAICKER 173
NADAR 148
REDDIAR 151
THEVAR 110
MISCELLANEOUS CASTES 129
KONAR 21
NAIDU 27
MUDALIAR 19
ASARI 6
HARIJAN 35
CHETTIAR 6
PILLAI 15
ALL CASTES 859
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Following is a brief description of the main caste 
groups studied in this thesis.
(a) Brahmin
The Brahmin is found in all parts of the country 
though the Brahmins of each region are found to follow 
the customs and practices prevailing in that region.
There are believed to be about 230 exogamous sects 
or gotras among the Brahmin of southern India (Thurston 
1909). The division of an endogamous caste into exo­
gamous sects, as pointed out in Chapter 1, is an 
attempt to prevent very close inbreeding, since 
members of the same gotra are prohibited from marriage, 
The gotras are transmitted along the male line and 
hence do not completely prohibit cousin marriages, 
which are indeed practiced among the Brahmin in Tamil- 
nadu.
The Brahmin of Tamilnadu can be broadly divided 
into Smarthas and Vaishnavites. Smarthas are further 
sub-divided into twelve mutually exclusive endogamous 
sects. Vaishnavites are further divided into two 
major divisions, Thengalais and Vadagalais. The 
Brahmin sample used in this study has members of 
both Smarthas and Vaishnavites, though these sub­
divisions were not ascertained.
(b) Naicker
Thurston (1909) comments that the word Naick 
meaning leader or chief, is used in several contexts:
i. native captain or headman
ii. a title of honour among Hindus in the Deccan
iii. the general name of the kings of Vijayanagara
and the lords of Madurai and other places.
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Naick, Naickan, Naicker, Nayak or Nayakkan are 
caste names which have been returned at recent censuses 
by the Tamil Pallis, Irulas and Vedans and also by 
various Telegu and Canarese speaking castes. Pallis, 
or Vanniars, are a small and obscure agricultural 
caste, but there is reason to believe they had a 
better position in the past. Irulas are a tribe 
found in the Nilgiri Hills and in Chingleput District 
near Madras City. The sect found near Madras City is 
believed to be more civilised than the inhabitants of 
the Nilgiri Hills. The Vedans are supposed to have 
been hunters and soldiers and to have been the remnants 
of the earliest inhabitants of the peninsula and identi­
cal with the Veddahs of Ceylon. They are described as 
a very low caste who are believed to live as hunters 
and gatherers in the jungles.
(c) Nadar
The Nadar, also known as Shanar, is the Toddy 
collecting caste of south India, though with recent 
changes in political and social life they have moved 
into other vocations. The traditional account of the 
origin of the Nadar is little known today among the 
community (Hargrave Jr., 1969).
The oral tradition claims that the Nadar arose 
out of a union between the Hindu god Indra and one of 
the seven celestial virgins. A small portion of the 
community, the Nadan, possess vast tracts of land in 
Tirunelvelli District. Invested as tax gatherers by 
reigning kings in former times, they held civil 
authority over the land in their control.
These two groups, the land owners and the toddy 
collectors, formed a basic division. The two were
o d 6 y  iS the Sqp of palw frees ifr\d i$ used as a d r^ k .
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separated by prestige, power and wealth and also by 
the endogamy of each group.
Though there is no concensus about the number of 
sub-castes in the Nadar community it is generally 
thought to be five, but one of them, i.e. Karukku- 
Pattayar is believed to embrace at least 80 per cent 
of the community.
(d) Reddiar
Thurston (1909)described the Kappus or Reddis as 
the largest caste in the Madras Presidency (Tamilnadu). 
They are the great caste of cultivators and farmers of 
the Telegu speaking area of India. They are held in 
respect and, next to Brahmin, are the leaders of Hindu 
society. Stuart (1891) comments that the Reddiar 
appear to have been a powerful Dravidian tribe in the 
early centuries of the Christian era for they have 
left traces of their presence in almost every part of 
India.
The legendary genealogies of this tribe trace them 
to Kusha the second son of Rama, the hero of the great 
solar epic of the Hindus. There are disputes about their 
actual origin and some have attempted to attribute them 
to the Aryan Kshatriya varna.
Thurston (1909) comments that there are seventeen 
important sub-divisions of the Reddiar community.
(e) Thevar
The Thevar, also known as Maravan, is found 
chiefly in Madurai and Tirunelvelli Districts of 
Tamilnadu. It is believed to be one of the first 
Dravidian tribes that penetrated to the south of 
the peninsula and has been little affected by
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Brahminical influence (Stuart, 1891). There is a 
close connection between the Maravan and two other 
castes, Kalian and Agamudiyan, although the latter 
have been returned as sub-divisions of Thevar in the 
census of 1891. These three groups by popular legend 
claim to be the descendents of a Hindu God. There is 
no concensus about their real origin.
Seven sub-divisions of the caste are known and 
one of the sub-divisions is divided into six groups.
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CHAPTER Z
SERUM PROTEIN GROUPS
Introduction
Polymorphic variation in human populations is known 
for immunoglobulins, haptoglobin, transferrin, group 
specific component, albumin, pre-albumin, caeruloplasmin, 
beta lipoprotein, macroglobulin and c\1 acid glyco­
protein, among the serum proteins.
Limitations of time and technical facilities made it 
possible only to examine samples collected in south India 
for the haptoglobin and transferrin groups.
(a) Haptoglobin (Hp) 
Introduction
An 2-glycoprotein present in the serum which 
could bind haemoglobin was first detected by 
Polonowski and Jayle (1938), when they discovered 
that the peroxidase activity of haemoglobin was 
enhanced by the addition of serum. They called the 
protein haptoglobin.
Smithies (1955) demonstrated the existence of 
inherited variations of haptoglobin, using starch 
as supporting medium in gel electrophoresis. He
found that individuals could be classified into three 
groups, i.e. Hp 1-1, Hp 2-1 and Hp 2-2, on the basis 
of electrophoretic mobility. Smithies and Walker 
(1955, 1956) postulated that the inheritance of the
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three common haptoglobin types could be explained on
the basis of a pair of autosomally co-dominant alleles 
1 2Hp and Hp . The electrophoretic pattern of phenotype 
Hp 1-1 consists of a single band somewhat slower than 
free haemoglobin at pH 8.6 in borate buffer. Hp 2-2 
consists of a series of polymeric bands in which there 
is no band in the position of Hp 1-1 but a series of 
slower moving bands of diminishing intensity towards 
the origin. Hp 2-1 phenotype gives a pattern similar 
to Hp 2-2 phenotype but the bands have a slightly 
greater mobility, together with a band corresponding 
to Hp 1-1 position.
The three common phenotypes Hp 1-1, Hp 2-1 and 
Hp 2-2 have been found in all the populations studied 
so far, though there is variation in their frequencies 
in different parts of the world (Kirk, 1968; Giblett, 
1969) .
Two other commonly found phenotypes are Hp 2-1(Mod) 
and HpO. Hp 2-1(Mod) found commonly among Negroes, is 
characterised by weaker staining and absence of the 
slower moving bands of the Hp 2-1 phenotype. Hp 2-1(Mod) 
occurs with a frequency of 10 per cent among American 
Negroes (Giblett, 1959), though in black African popu­
lations the frequency is variable (Kirk, 1968). The 
HpO phenotype is characterised by an absence of hapto­
globin bands after staining. HpO occurs most frequently 
among African populations where the percentage ranges 
from zero to 40.8 per cent (Kirk, 1968).
Technical Methods
Haptoglobin was typed using horizontal starch gel 
electrophoresis. Starch was obtainable from the 
Connaught Research Laboratories, Toronto, Canada and
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eleven per cent starch gels were found to give good 
resolution of the haptoglobin bands. Poulik's dis­
continuous buffer was used (Poulik, 1957). The buffer 
was made up of two parts, i.e. gel buffer and bridge 
buffer. Their concentrations and compositions are:
Bridge Buffer 0.3 Molar Boric Acid )18.5 gm . . .
0.05 Molar Sodium ) 2.0 gm ° 1 re
Hydroxide )
Gel Buffer 0.076 Molar Tris ) 9.19 gm , , .
0.065 Molar Citric Acid)1.00 gm ° 1 re
200 ml of gel buffer was found sufficient to fill one 
gel tray. Two-thirds of the required amount of buffer 
was heated just to boiling over a Bunsen flame. Starch 
was mixed with the remaining buffer and the heated 
buffer added to the starch-buffer mixture, care being 
taken to keep the flask swirling while the heated 
buffer was added. Air bubbles were removed by de­
gassing under vacuum pressure. The gel was poured 
into trays, allowed to set, covered with plastic and 
left at room temperature until used.
The haptoglobin of each sample was saturated by 
the addition of 1 drop of approximately 0.5 per cent 
haemoglobin solution to three drops of plasma. The 
mixture was inserted into the gel on Whatman No.3MM 
filter paper.
Electrophoresis was carried out for 16 hours at 
room temperature at a voltage gradient of 2 volts per 
centimetre. After electrophoresis the gels were sliced 
horizontally, one half being used for visualising 
haptoglobin bands. The following reaction mixture was 
used:
0.3 gm Benzidine Dihydrochioride 
1*5 ml Glacial Acetic Acid 
250 ml Distilled Water
The mixture was warmed to dissolve the benzedine 
dihydrochioride* Immediately before use 0.5 ml of 
100 volume hydrogen peroxide was added to 100 ml of
Care Was take a Ac f
Results and Discussion
The three common haptoglobin phenotypes Hp 1-1,
Hp 2-1 and Hp 2-2 were the most common found in the 
present series. Fig.l shows the starch gel electro­
phoretic pattern of Hp 1-1, Hp 2-1 and Hp 2-2, using 
Poulik's discontinuous buffer at pH 8.6.
All population groups in the present study are 
characterised by a low Hp~*~ gene frequency (Table 2A) . 
Reddiar has the highest Hp^ gene frequency (0.182) and 
the Brahmin follows closely with 0.169. The lowest 
Hp ~^ gene frequency is found among the Nadar (0.037) 
with the Naicker, Thevar and Miscellaneous group 
exhibiting ascending Hp gene frequencies of 0.087, 
0.100 and 0.104 respectively.
The Nadar is found to be significantly different 
from Brahmin, Reddiar, Thevar, Naicker and the Misc­
ellaneous group (Table 2B). There are no significant 
differences between the Brahmin and Reddiar or 
between Thevar, Miscellaneous and Naicker.
The Naicker Caste, as discussed in chapter 
two, probably had a tribal origin and their Hp 
gene frequency seems to compare well with the low 
Hp^ gene frequency of the Irulas, as shown in Table 3.
Fig.l. Starch gel electrophoretic pattern of the three 
common haptoglobin pehnotypes Hp 1-1, Hp 2-1 and 
Hp 2-2 at pH 8.6. 1 is Hp 2-2, 2 is Hp 2-1 and
3 is Hp 1—1. The most anodalband is free haemo­
globin.
One 'Naicker' individual typed as HpO was omitted from the gene frequency 
calculations.
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TABLE 2B
CHI-SQUARE VALUES FOR Hpl GENE FREQUENCY DIFFERENCES 
BETWEEN VARIOUS CASTES IN TAMILNADU WITH 1 DEGREE OF FREEDOM
Brahmin Naicker Nadar Reddiar Thevar
NAICKER 9.46*
NADAR 29.15* 7.10* j
. .. . .. !........ , .
REDDIAR
' . . .... -
0.18 12.70* 34.66*
__... ..- __
:
|
... . .. :
THEVAR
. . .. . - . . i
4.61* 0.45 6.80* 6.72*
!
MISC. 4.97* 0.33 9. 05* 7.05* 0.00
*Significant a t the 5 per cent level of probability.
The three tribal groups tested previously in south 
India show heterogeneous Hpl gene frequencies (Kirk et al 
1969). Todas have the highest Hpl gene frequency and are 
different from the other two tribal groups (Irulas 
and Kurumbas) in many ways. Irulas and Kurumbas have close 
affinities, living in close proximity to one another, though 
the Kurumbas have a higher Hpl gene frequency (0.18) than 
the Irulas (0.07). This Hpl gene frequency for the Kurumbas 
is probably due to sampling error, since the sample size 
was small (49). Kirk and Lai (1961) and Kirk et al (1962a) 
reported Hpl gene frequencies for Tamils sampled in Malaya 
and Ceylon. The Tamils in Malaya have a low Hpl gene 
frequency; this compares well with the Hpl gene frequency of 
the Nadar, who are reported to have emigrated in large
Baxi and Camoens 
(1969)
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numbers to Malaya and Ceylon (Hargrave Jr., 1969). The 
Ceylon Tamils have a higher Hp -^ gene frequency which is 
not significantly different from the Tamils in Malaya 
(x2 1 = 2.5 p . 90-.75). However, if further study confirms 
the higher Hpl gene frequency among Ceylon Tamils then it 
is possible that the Tamils in Ceylon are composed of 
castes with higher Hpl gene frequencies than Nadar. Baxi 
and Camoens (1969) reported a Hpl gene frequency of 0.22 for 
Tamils sampled in Bombay. This higher H£l gene frequency 
for Tamils in Bombay could be due to sampling error since 
only 84 persons were sampled, but it is possible that this 
difference may also in part be due to emigration of socially 
higher castes from south India.
In western India the Hp^ gene frequency ranges from 
0.1034 to 0.2014 (Baxi and Camoens, 1969). The lower 2/3rds 
of the range being comparable to Hp1 gene frequencies for 
south Indian populations (both castes and tribes) with the 
notable exception of Todas. Northern Indian populations 
are characterised by Hp^ gene frequencies which range from 
0.20-0.29 (Kirk and Lai, 1961; Tiwari, 1961 and Baxi & 
Camoens, 1969). West Bengal has Hp1 gene frequencies of 
0.16 and 0.20 for the two studies reported so far (Mukher jee 
and Das, 1970; Tiwari, 1960).
In India Hp^ gene frequencies seem to increase when 
one proceeds from the south reaching progressively higher 
Hp~*" gene frequencies in the north-west. Values in north­
west India are comparable to Hp gene frequencies in the 
Middle East, which are in the lower range of values for 
Europe (Europe ranges from 0.31 to 0.45).
The phenotype Hp2-1 (Mod) was not encountered in the 
present study and previous studies on Indian populations 
reveal a low frequency of this phenotype (Kirk, 1968;
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Baxi and Camoens, 196 9) .
In the present series there was one individual among 
the Naicker who was typed as HpO (0.05 per cent among the 
Naicker). Previous studies on Indian populations have 
revealed a low frequency of HpO, the highest being reported 
for Irulas (6.8 per cent) (Kirk et al, 1962a). It is necessary 
to distinguish genetic ahaptoglobinaemia characterised by a 
total absence of haptoglobin even by immunological methods, 
from a physiological lowering of haptoglobin levels leading 
to individuals being typed as HpO. The underlying genetic 
mechanism of the expression of HpO phenotypes is not clear. 
Available evidence seems to indicate two schools of thought, 
one for the existence of a rare amorph HpO (Harris et al,
1958; Matsunaga, 1962; Cann and Van West, 1966; Schwerd and 
Sander, 1967) and another, that phenotypic expression of 
Hp2M/Hp2M is HpO (Giblett and Steinberg, 1960; Karp and 
Sutton, 1964 and Kirk, 1968). Various diseases with resul­
tant haemolytic episodes such as malarial parasitaemia or 
sickle cell anaemia could result in a lowering of quant- 
tative levels of haptoglobin, thereby leading to typing of 
some individuals as HpO. It is likely that factors such 
as malarial endemicity would explain the incidence of HpO 
among the Irulas.
(b) Transferrin (Tf)
Introduction
Polymorphism of the iron binding protein transferrin, 
or Siderophilin, was discovered by Smithies (1957) and 
Horsfall and Smithies (1958).
The ubiquitous transferrin allele is TfC. The pheno­
type is localised as an intensly staining band in the 
ß-globulin region of starch gels. However, Horsfall and
Smithies (1958) found an additional slower moving 
component which was named D. Furthermore, one per 
cent of sera from Canadian Caucasians was found to 
have a faster moving component designated as B.
Smithies and Hiller (1959) from family studies proposed 
that three autosomally co-dominant alleles designated 
as Tf , Tf_ and Tf could explain the pattern of inher­
itance.
At least nineteen variants of transferrin are 
known to exist in Man (Giblett, 1969). Eight have a 
faster mobility than TfC. TfD and TfDchi are by far 
the most common of the molecular variants of transferrin. 
TfDj_ has two population reservoirs, one among the black 
African and American Negro populations and the other 
among Australian Aborigines and Melanesian populations 
in New Guinea and other Pacific Islands. The frequency 
of the D variant in Africa varies; in Ethiopia it is alftosf 
zero and elsewhere from one per cent to fifteen per 
cent with most of the values around 10 per cent (Kirk, 
1969). In Australia, among the native population, the 
frequency of CD^ varies from 4.6 per cent to 41.6 
per cent, with a number of values around 10 per cent. 
TfDchi found in Mongoloid populations including 
Amerindians. The heterozygote CDchi has a frequency 
range of 1 per cent to 10 per cent (Kirk, 1969). Among 
the faster moving variants TfB2 and TfBo-i are the 
commonest, TfB2 being found in frequencies of about 
1 per cent among Western European populations. Data 
for populations in the Middle East is scarce. TfB2 
is found in the north-west of India among the Pathans 
(Kirk and Lai, 1961). TfBQ- 1 is found among the 
Amerindian tribes in the Americas. Apart from these 
common variants some transferrin alleles are found in
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highly localised areas. Among these alleles with
limited distribution are TfD_,. , , found so far
only among Finns (Seppala, 1965) and TfB foundLae
in the Island of New Britain and the neighbouring 
coastal areas of New Guinea (Kirk, 1965).
Technical Methods
Routine screening for transferrin was done on the 
other half of starch gels used for haptoglobin typing. 
Samples which could not be typed in the starch gels 
due to interference of the Hp 1-1 band, and all samples 
typed as transferrin variants in starch gels, were 
repeated using acrylamide gel electrophoresis for 
purposes of confirmation! acrylamide was found to give 
better resolution of transferrin bands.
(a) Horizontal Starch Gel Electrophoresis:
Methods and conditions of electrophoresis were the 
same as described in the section on haptoglobin. 
After electrophoresis, gels were sliced and one 
half was stained for transferrin in 0.25 per cent 
solution of Amido Black in ethanol and cleared in 
a 5:5:1 solution of methanol, water and glacial 
acetic acid.
(b) Acrylamide Gel Electrophoresis 
Electrophoresis was carried out in 5 per cent 
acrylamide gel slabs using a vertical acrylamide 
cell (E.C. Apparatus Corp., Philadelphia, U.S.A.). 
The buffer used was a lithium hydroxide buffer
pH 8..1 (Ashton and Braden, 1961). The buffer 
consisted of:
Solution A
Lithium Hydroxide 1.2 gm ) to 1 litre of
-it o ) distilled water X JL» o gm ^
This was used in the electrode tank.
Boric Acid
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Solution B
Citric Acid 1.6 gm ) to 1 litre of
Tris 6.2 gm ) distilled water
The gel was made of a mixture of solution A and 
B (1 part A and 9 parts B), and polymerised using 
tetramethylene ethylene diamine (TMED, 0.2 mi per 
100 ml of buffer) and ammonium persulfate (0.2 gm 
per 100 ml of buffer) as catalyst.
5 microlitres of plasma was added to 5 microlitres 
of saturated sucrose solution. This facilitated the 
serum sample settling down into the slots prior to 
electrophoresis. Samples were loaded with a pasteur 
pipette bent at the tip.
Electrophoresis was carried out for 2 hours at an 
output voltage of 350 volts. Prior to loading of 
the sample there was a pre-run of 30 minutes at 
300 volts (output voltage). Tap water was circu­
lated around the cell to cool the gels during electro­
phoresis. Staining and clearing were done as for 
starch gels.
Results and Discussion
No transferrin variants were found in five out of 
six population groups in the present study (Table 4).
One sample from the Brahmin was found to have a transferrin 
D variant. Preliminary studies on this D variant seem 
to indicate a slight difference between the variant and 
D]_ on the one hand and Dchi on the other. Further studies 
on this variant could not be carried out since it was not 
possible to obtain a further sample from the individual 
with the variant.
Previous published studies on Indian populations with
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the exception of the Oraons have indicated an absence of 
transferrin variants (Kirk and Lai, 1961; Lair 1962; Kirk 
et al, 1962a;Kirk 1969; Tiwari, I960, 1961 and Mukherjee 
and Das, 1970), but CD^^ was found among 5 per cent of 
Oraons in the north-east (Kirk et al, 1962b). It is of 
interest to note the presence also of the Diego factor 
(Di + ) among about 5 per cent of Oraons. The presence 
of these two Mongoloid markers among the Oraons seems to 
be indicative of Mongoloid penetration into the Indian 
sub-continent. Siniscalco (unpublished observations) has 
reported the occurrence in high frequency of D variants 
among tribals in Andhra Pradesh. The characterisation of 
this variant would be of interest if it turns out to be 
DChi s -^nce this might indicate penetration of Mongoloid 
elements further south into the Indian sub-continent.
TABLE 4
DISTRIBUTION OF TRANSFERRIN PHENOTYPES 
IN VARIOUS CASTE GROUPS IN TAMILNADU
Caste No.Tested
Phenotypes
CC CD
BRAHMIN 148 147
1
1
NAICKER 173 173 0
NADAR 14 8 148 o
REDDIAR 151 151 0
THEVAR 110 110 0
MI SC.CASTES 125 125 0
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TABLE 5
DISTRIBUTION OF TRANSFERRIN VARIANTS FOR 
VARIOUS POPULATIONS IN INDIA
Population No. PhenotypesTested C B D Reference
Tamils (Ceylon) 46 46 0 0i Kirk Si Lai (1961)
Tamils (Ceylon) 140 140 0 0 Kirk et al (1962a)
Tamils (Malaya) 133 13 3 0 0 Kirk Si Lai (1961)
Tamils (S.India) 291 291 0 0 Kirk et al (1962a)
Oraons 125 117 0 CDChi~ 8 Kirk et al (1962b)
Todas 89 89 0 0 Kirk Si Lai (1961)
Irulas 74 74 0 0 Kirk & Lai (1961)
Kurumbas
Bengalis
Bengalis
Punjabis
Punjabis
(W. Pakistan)
49
176
418
161
207
49 
17 6 
418 
161
207
Kirk & Lai (1961)
Tiwari (1960)
( Mukherjee and 
( Das (1970)
Tiwari (1961)
Kirk St Lai (1961)
(c) Interaction between the Haptoglobin and ABO Blood Group 
System
Introduction
The ABO blood groups were the earliest discovered 
of the large numbers of polymorphic systems in human 
blood known today. Principally, two lines of approach 
have been taken to understand the underlying mechanism 
in the maintenance of this polymorphism.
(i) Association of ABO blood groups with disease (Clarke, 
1961; Vogel, 1970) and (ii) ABO incompatibility between 
parents leading to selective loss of children (Levene 
and Rosenfield, 1961; Mollison, 1967 and Sever, 1969). 
Recently, Kirk et al (1970a)after an extensive
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analysis of a large body of data from Brazil, reported 
a significant excess of Hp 1-1 children in ABO incom­
patible matings when compared with all ABO compatible 
matings. This excess was also present in children 
incompatible with their mothers for the ABO blood 
groups, when compared with all ABO compatible children. 
Because of the importance of this observation the 
opportunity was taken to examine further data obtained 
from 156 families in Madras City with 512 children 
(3.2 per family), out of which 271 children were 
tested.
Technical Methods
Haptoglobin was typed as described in the section 
on haptoglobin.
ABO blood grouping was carried out by the author 
in the blood bank of the Voluntary Health Services 
Medical Centre in Madras. Antiserum was obtained from 
the Commonwealth Serum Laboratories, Melbourne, 
Australia and blood grouping was done using glass 
slides.
Results and Discussion
Table 6 gives the distribution of haptoglobin and 
ABO blood group phenotypes with their respective gene 
frequencies among parents and children. There are no 
HpO phenotypes among the parents, whereas HpO was 
found among children (1.10 per cent).
Table 7 gives the distribution of families
classified as compatible and incompatible for the ABO
system. 58.97 per cent of the families were compatibly
mated and 41.03 per cent of families were incompatibly 1mated. The H£ gene frequency of children in ABO com­
patible matings is 0.1030 and in incompatible matings
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is 0.1262» The Hp1 gene frequency difference is not 
statistically significant at the accepted 5 per cent 
level of probability (x2: = 0.6728 p .75-.50).
Kirk et al (1970a) after analysing a large series 
of families from North Eastern Brazil, substantiated 
Ritter and Hinkelmann‘s (1966) earlier suggestion that 
there is a significantly higher frequency of Hp 1-1 
children and correspondingly fewer Hp 2-2 children from 
parents incompatibly mated for the ABO bloodgroups 
than from those compatibly mated.
The results in the present series point in that 
direction but are not significant at the accepted 
5 per cent level of probability. In looking for a 
possible mechanism for this phenomenon Kirk et al (1970a) 
comment that Hp 2-2 children typed as HpO could not 
explain the observed difference in Hpx gene frequency 
between ABO compatible and ABO incompatible matings, 
since even under the extreme assumption that all HpO 
children are Hp 2-2 the discrepancy is diminished but 
not eliminated. In this study the frequency of HpO 
phenotypes among children (.011) is also insufficient to 
explain the observed difference in Hp gene frequency 
between ABO compatible and incompatible matings.
Kirk et al (1970a)suggest that Hp 1-1 individuals 
with higher levels of haptoglobin are better able to 
survive haemolytic disease due to ABO incompatibility. 
This suggestion for the Brazilian data is supported 
by Morton, Krieger and Mi (1966) who demonstrated in 
the same family material that anti-A and anti-B haemo- 
lysins in group 0 mothers are associated with an excess 
of pre-natal deaths. This suggestion may hold for the 
difference in Hp gene frequency noted in the present
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smaller series of families from south India. However, 
larger series of families with sampling of all children, 
testing of anti-A and anti-B haemolysins in maternal 
blood and estimation of haptoglobin levels in assessing 
selective survival of haptoglobin phenotypes during 
haemolytic episodes, will be needed to provide a 
conclusive answer to the ABO-Hp interaction.
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DISTRIBUTION AND GENE FREQUENCIES FOR HAPTOGLOBIN AND ABO BLOOD GROUPS 
AMONG PARENTS AND CHILDREN IN 156 SOUTH INDIAN FAMILIES
Haptoglobin
Hpl =.1262 
Hpz
=.8738
Chi-square value for Hp1 gene frequency between ABO Compatible and 
Incompatible children = 0.6728 for 1 degree of freedom 
(.75-.50p).
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TABLE 7
DISTRIBUTION OF CHILDREN1S HAPTOGLOBIN PHENQ.TYEELS 
IN ABO COMPATIBLE AND INCOMPATIBLE MATINGS
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CHAPTER 4 
ENZYME GROUPS
Introduction
The past few years have seen the rapid discovery of 
polymorphic variation in human red cell enzyme groups.
Such variation is now known for 6-phosphogluconate 
dehydrogenase, lactate dehydrogenase, adenylate kinase, 
phosphoglucomutase, acid phosphatase, peptidases, phospho- 
hexose isomerase, adenine deaminase, glucose-6-phosphate 
dehydrogenase, carbonic anhydrase, glutathione reductase, 
malate dehydrogenase, red cell oxidase, catalase, 
galactose-l-phosphate uridyl transferase, erythrocyte 
esterases and glycerophosphate kinase. These systems 
have been reviewed recently by Hopkinson (1968) and 
Giblett (1969).
In the present study the enzyme groups adenylate kinase, 
phosphoglucomutase, 6-phosphogluconate dehydrogenase, lactate 
dehydrogenase and acid phosphatase were selected on the 
basis of availability of suitable technical resources and 
the likelihood of showing variation within the caste groups 
being studied. In addition, a limited number of samples were 
examined for the peptidase A and B system. Since no varia­
tion was found for either of these the study of peptidases 
was discontinued.
(a) Adenylate Kinase (AK)
Introduction
Fildes and Harris (1966) observed inherited
40.
variation in the enzyme adenylate kinase of red cells 
which catalyses the reaction 
2ADP-- *• ATP + AMP
In their study Fildes and Harris (1966) noted the 
occurrence of three common phenotypes designated as 
AK-1, AK2-1 and AK-2. The authors proposed that the 
observed three phenotypes could be explained on the 
basis of control by two autosomally co—dominant 
alleles AK1 and AK2. Family studies in Britain 
(Rapley et alf 1967) and in the United States (Bowman 
et al, 1967; Brewer et al, 1967) have confirmed the 
above-mentioned hypothesis. Other rarer alleles at 
this locus have been described (Giblett, 1969;
Hopkinson, 1968).
The three common types AK-1, AK2-1 and AK-2 are 
demonstrable by starch gel electrophoresis. The most 
commonly occurring phenotype AK-1, consists of three 
components of which the most intense remains near the 
origin with the other two zones moving towards the 
anode: the most anodal stains poorly. The AK2-1 
pattern consists of the same three bands with an 
additional fourth band moving towards the cathode.
The AK-2 phenotype differs from the AK2-1 phenotype in 
that the cathodal zone is the most intense and the 
anodal band is absent.
Technical Methods
Horizontal starch gel electrophoresis was carried 
out with a starch concentration of 11.5 per cent (starch 
from Connaught Research Laboratories, Toronto, Canada) 
in the following buffer:
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0.1 M Tris
0.1 M Maleic Acid
12.1 gms )
0.01M Sodium salt of ethylene 3.72 gms)
diamine tetra acetic acid )» Water 
2.03 gms ;0.01 M Magnesium chloride
Adjusted with sodium hydroxide to pH 7.4
Gels were made in 1:10 dilution of the above 
buffer. Gels were poured as described in the section 
for haptoglobin. Samples were inserted on Whatman 
No.3mm filter paper and electrophoresis was carried 
out for 16 hours at 3 volts per centimetre. The gels 
were held between metal cooling plates with circulating 
water at c 15°C. After electrophoresis the gels were 
sliced horizontally and one half was stained for 
adenylate kinase activity with the following reaction 
mixture:
Glucose 10 micromolar 180 mg
Magnesium chloride 20 micromolar 400 mg
Adenosine diphosphate (ADP) 1 micromolar 40 mg
Nicotonamide adenine dinucleotide phosphate 20 mg
(NADP) 0.4 micromolar
Phenazine methosulfate 6 mg
MTT Tetrazoliurn 6 mg
Glucose-6-phosphate dehydrogenase 0.04 international
in 10 ml of 0.1M Tris buffer adjusted to pH8.5 with 
concentrated hydrochloric acid. An equal volume of 
1 per cent Agar (Ionagar, Difco Laboratories) heated 
until molten in a water bath was added and the reaction 
mixture layered on to the gel. Gels were incubated
units per ml
Hexokinase 0.08 1 II II
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at 37°C for half an hour and results read.
Results and Discussion
The AK^ gene frequencies of the caste groups in 
Tamilnadu with appropriate x2 values assuming Hardy- 
Weinberg equilibrium are given in Table 8A.
Reddiar is found to be significantly different from 
the Naicker (x2 i - 7.29), Miscellaneous castes (x2i - -  
4.40) and Brahmin (x2l - 4.74) as shown in Table 8B. It 
is of interest to note that Brahmin and Reddiar, who 
occupy higher rungs on the social ladder and had comparable 
gene frequencies for the haptoglobin and 6-PGD systems, are 
found to be different significantly in this system.
The AK^ gene frequencies among castes in south India 
are higher than the figures for Indians sampled in London 
(0.90 - Rapley et al, 1967), for Bengalis (0.91 - Das 
et al, 1970a )and Marathis and Gujaratis (0.91 and 0.89 
Blake et al, 1970a), Further studies of the distribution of 
AK genes in India are required. Among neighbouring groups 
in the Middle East the only population for which the AK  ^
gene frequency has been published is the Iran Moslems who 
appear to have a higher AK^ gene frequency than the 
Bengalis, Gujaratis and Marathis and are comparable to 
European populations with an AK^ gene frequency of .953 - 
.972 (Hopkinson, 1968).
(b) Phosphoglucomutase (PGM)
Phosphoglucomutase is a ubiquitous enzyme found in 
red cells, kidney, liver, muscle, placenta, fibroblasts 
etc., which reversibly catalyse the transfer of phosphate 
from the first to the sixth position of glucose. The 
existence of a phosphoglucomutase genetic polymorphism 
was first demonstrated by Spencer et al (1964) when three 
distinct patterns of phosphoglucomutase activity termed
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DISTRIBUTION OF ADENYLATE KINASE 
(AK) PHENOTYPES IN VARIOUS CASTE GROUPS IN TAMILNADU
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TABLE 8B
CHI-SQUARE VALUES FOR AK GENE FREQUENCY DIFFERENCES 
BETWEEN VARIOUS CASTES IN TAMILNADU WITH 1 DEGREE OF FREEDOM
Brahmin Naicker Nadar Reddiar : Thevar
NAICKER 0.19
. : j  . . . .  i. !
NADAR
. . . .
1.27
. .
2.62
i 1
REDDIAR
_____  ___ __________________
4.74* 7.29* : CX)i—1••—1
THEVAR 0.39 00o1—1 0.12 1.50
I
MISC.CASTES 0.001 0.18 i—i CN•«—1 4.40* 1. 38
*Significant at the 5 per cent level of probability.
TABLE 9
DISTRIBUTION OF ADENYLATE KINASE PHENOTYPES IN 
VARIOUS INDIAN POPULATIONS
Population No.Tested
AK2
Gene
Frequency
Reference
INDIANS (England) 132 Oi—1 •o Rapley et al 1967
MARATHIS 352 0.09 Blake et al, 1970a
GUJARATIS 296 t—1rH%o II II II
BENGALIS 271 0.09 Das et al, 1970a
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PGM 1-1, PGM 2-1 and PGM 2-2 were demonstrated when 
human red cell extracts were submitted to starch gel 
electrophoresis. Seven bands of enzyme activity 
labelled a - g in the order of increasing electro­
phoretic mobility were noted in phenotype PGM 2-1.. The 
bands e, f and g were common to all the three phenotypes. 
In PGM 1-1 a and c were also present and in PGM 2-2 
b and d were also present.
From family studies Spencer et al (1964) postulated 
the existence of two autosomally codominant alleles to 
explain the observed three common phenotypes. The 
genetic control of phosphoglucomutase electrophoretic 
bands has been shown more complex however with the 
demonstration by Hopkinson and Harris (1965, 1966) and 
Harris et al (1968) that three loci are involved, the 
second locus controlling the bands e, f and g and the 
third locus demonstrated in placental extracts and 
tissue culture cells.
In the present study the second locus was 
found to be invariant and the third locus was not studied. 
The two alleles determining the common phenotypes are 
designated as PGM^^ ~ and PGM^ .
Technical Methods
Buffers and conditions of electrophoresis were the 
same as described in the section on adenylate kinase, 
since one half of the same gel was used for phosphoglu­
comutase typing. The substrate mixture was made up of 
the following:
Glucose-l-phosphate 30 mg
Magnesium chloride 20 mg
46.
Nicotinamide adenine dinucleotide 7 mg
phosphate (NADP) 
Phenazine methosulfate 5 mg 
5 mgMTT tetrazolium salt 
Glucose-6-phosphate 4 international units
dehydrogenase
The above mixture was taken up in 10 ml of 0.1M Tris/ 
hydrochloric acid buffer pH 8.5; an equal volume of 1 
per cent molten agar (Ionagar Difco Laboratories) was 
added and the mixture layered over the gels. Gels were 
incubated at 37°C for one hour and results read.
Results and Discussion
Table 10a gives the PGM^^ gene frequencies for the 
four castes, Nadar, Reddiar, Thevar and Miscellaneous 
with appropriate x 2 values assuming Hardy-Weinberg 
equilibrium. These latter did not indicate a significant 
difference from the expected distribution. Earlier in 
the study technical difficulties encountered in typing 
the phosphoglucomutase phenotypes prevented the obtaining 
of data for Brahmin and Naicker.
There are significant differences as shown in Table 
10b, between Nadar and Reddiar ( x 2 r  = 5.68) and the Misc­
ellaneous group; the latter was found to be significantly 
different from the Reddiar ( x 2 i) = 18.95) and Thevar 
(x^ d) = 12.57). It is of interest to note that there are 
no significant differences between Thevar and Reddiar which, 
as shown below, are significantly different in the acid 
phosphatase system.
PGM^ frequencies for Bengalis (0.70 - Das et al, 1970a) 
and Marathis (0.65 - Blake et al, 1970a)as well as for 
Indians in England (0.72 - Hopkinson, 1968) fall in the 
range of frequencies for south India (0.639 - 0.804)
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DISTRIBUTION OF PH0SPH0GLUC0MUTASE 
(PGM) PHENOTYPES 
IN VARIOUS CASTE GROUPS IN TAT1ILNADU
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TABLE lOB
CHI-SQUARE VALUES FOR PGiy^  GENE FREQUENCY DIFFERENCES 
BETWEEN VARIOUS CASTE GROUPS IN TAMILNADU 
WITH 1 DEGREE OF FREEDOM
Caste Group....... Nadar........... Reddiar Thevar
REDDIAR
; . . j
5.68 *
___ ---- I
■
i
THEVAR 2.96 0.03 •j
MISCELLANEOUS 4.32 * 18.95 * 12.57 *
^Significant at the 5 per cent level of probability.
TABLE 11
DISTRIBUTION OF PHOSPHOGLUCOMUTASE PHENOTYPES 
AMONG VARIOUS INDIAN POPULATIONS
PGMi1
Gene
Frequency
!Rare alleles !
Population No.Tested;
of PGMi 
locus 
Frequency
PGM2 1
Frequency Reference
: Indians 182 0.715 Present but 1. 00* Hopkinson
(England) no frequencyi 
indicated
(1968)
Bengali 269 0.698 PGM!6 .0019 1. 00 Das et al (1970a)
1 Marathi 352 0.649 PGM!0 .0014 oo•1—1 'Blake et al
PGMX3 .0017
(1970a)
Gujarati 296 0.690 1. 00 I I
*Hopkinson (1968) mentions observing the rare PGM2 3-1 pheno­
type among Asiatic Indians but does not give its frequency.
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whereas PGM^^~ frequency among Gujaratis (0.60 - Blake et al, 
1970a) is slightly lower than in south Indian populations.
The figure for western Indian and eastern Indian popu­
lations reported are similar to those for Middle Eastern 
populations (0.674 for Iraqi Jews and 0.696 for Turkish 
Cypriots (Hopkinson, 1968) and are slightly lower than 
frequencies for Europe. Rarer alleles of the PGM^ locus 
have not been encountered in the present study. In previous 
studies one Marathi sample and one Bengali sample were found 
to be of the rare PGM^6-1 phenotype (Das et al, 1970a), and 
one Gujarati sample was found to be of the rare PGM^3-1 
phenotype (Blake et al, 1970a).
In the present study variability was confined to the 
first PGM locus. Fig.2 shows the starch gel electro­
phoretic pattern of the three common phenotypes PGM 1-1,
PGM 2-1 and PGM 2-2.
As noted above the second PGM locus was found in 
the present study to be invariable. This was also the 
case among the Indian populations reported by Das et al 
(1970a) and Blake et al (1970a) though Hopkinson (1968) 
does report the presence of the PGM^l-l phenotype among 
Indians but gives no indication of its frequency.
(c)6-Phosphogluconate Dehydrogenase (6-PGD)
Polymorphism in human populations of the enzyme 6- 
phosphogluconate dehydrogenase, which catalyses the 
conversion of 6-phosphogluconate into ribulose-5-phos- 
phate in red blood cells, was first discovered by Fildes 
and Parr (1963). They noticed that a majority of 
the individuals had a phenotype with a single band, the 
next commonly occurring phenotype was a variant with 
three bands designated as a, b and c in the order
. 2. PGM phenotypes on starch gel electro­
phoresis at pH 7.4. 1 is PGM 1-1; 2 is
PGM 2-1 and 3 is PGM 2-2.
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of decreasing electrophoretic mobility from anode to 
cathode; band a of this variant, the "Plaistow" or 
("common1 variant) was in the position of the "usual 
phenotype" described above. Another variant, occurring 
at a much lower frequency, was found to have three 
bands similar to the common variant but the two 
cathodal bands were found to be more intense than 
the faster moving component. In white blood cells 
and other tissues only one band, rather intense, was 
noticed at the position of the slowest moving band.
This variant was called the "Canning" variant.
Family studies by Parr (1966), Bowman et al (1966),
Parr and Fitch (1967) and Carter et al (1968) indicated
that the three observed patterns were under the genetic
control of two autosomally co-dominant allelic genes
A Cdesignated here as PGP and PGP . The "usual" pheno­
type and "Canning" variant represent homozygosity for 
A CPGP and PGP respectively.
Other rare 6-PGP phenotypes such as "Richmond"
(Parr, 1966), "Elcho" (Blake and Kirk, 1969),
“Friendship" (Pavidson, 1967) and "Hackney" (Parr,
1966) have been reported. In the present study one 
individual among the Miscellaneous castes was of the 
“Hackney" phenotype, which consists of three bands 
similar to the three bands of the "common" variant 
but the bands are of slightly slower mobility.
Technical Methods
Gels were prepared as described in the section 
on adenylate kinase using a phosphate citrate buffer
pH 7.0. The buffer composition was as follows:
0.2 Molar Pisodium hydrogen phosphate 28 gms) to 1 litre
This was used undiluted for the electrode vessel; a
0.2 Molar Citric Acid 
pH 7.0
4.63 gms ) distilledwater
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1:20 dilution of the above buffer was used for making gels.
Samples were inserted on Whatmann 3MM filter paper. 
Electrophoresis was carried out for 16 hours at 3 volts per 
centimetre, gels being held between metal cooling plates with 
water circulated at c!5°C. After electrophoresis the gels 
were sliced horizontally and one half stained for 6-phospho- 
gluconate dehydrogenase. The substrate buffer was 0.1M Tris/ 
Hydrochloric acid buffer at pH8.5, the composition of-which 
has been described in the section on adenylate kinase. The 
reaction mixture was as follows: 
sodium 6 phosphogluconate 10 mgms
Nicotinamide dinucleotide 2 mgms
) per gel in 10 ml 
) of buffer with 
) equal volume of 1 
) per cent molten 
) agar.
)
phosphate (NADP)
Phenazine methosulfate 0.4 mgms
MTT tetrazolium salt 2 mgms
Results and Discussion
PGpC gene frequencies for the castes with appropriate 
X 2 values are given in Table 12A. The PGPC gene frequencies 
seem to be clustered around two values. One cluster is 
formed by Reddiar (0.007), Thevar (0.006), Brahmin (0.007) 
and Miscellaneous (0.012) which is significantly different
from the other formed by Nadar (0.048) and Naicker (0.043).
There were no significant differences between the Reddiar,
Thevar, Brahmin and Miscellaneous, and between Nadar and
Naicker (Table 12b). However, the difference between any
one of the four and Nadar or Naicker was significant. The
PGP frequencies for the cluster with lower values are
among the lowest reported for any population. The low CPGP frequency of these castes would bear further investi­
gation with a larger sample size and in different geo­
graphical areas. 
rPGP gene frequencies of Bengalis (0.02-Pas et al, 
1970a), Marathis and Gujaratis (0.27 and 0.15-Blake et al, 
1970a) are higher than the Brahmin, Reddiar, Thevar and
nMiscellaneous but lower than Naicker and Nadar. PGP fre­
quencies of western and eastern populations are comparable
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TABLE 12B
CHI-SQUARE VALUES FOR 6-PGD GENE FREQUENCY DIFFERENCES 
BETWEEN VARIOUS CASTES IN TAMILNADU WITH 1 DEGREE OF FREEDOM
1Brahmin iNaicker Nadar Reddiar Thevar
NAICKER 8.89*
. .... J .. . ________
NADAR 8.92* > 0.14
.......... - J _____
REDDIAR 0.00 ! 8.89* 8. 92* •
THEVAR 0.01 j 8.55* 7.95* o • o ;
MISC.CASTES 0.29 5.05* 5.2 6* 0.29 0.34 !
*Significant at the 5 per cent level of probability.
TABLE 13
DISTRIBUTION OF 6-PHOSPHOGLUCONATE DEHYDROGENASE IN 
VARIOUS INDIAN POPULATIONS
—
Population
:
NO.
Tested
PGDC
Gene
Frequency
Reference
BENGALI 271 0.020 Das et al (1970a)
MARATHI 504 0.027 Blake et al (1970a)
GUJARATI 498 0.015 Blake et al (1970a)
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to PGP gene frequencies for Europe (0,02-0.04 - 
Carter et al, 1968),
A single individual with a “Hackney" variant was 
the only other variant of 6-PGD found in the present 
study. Fig,3 shows the starch gel electrophoretic 
pattern of the “common variant“ and “Hackney" run 
alongside normals. This paucity of 6-PGD variants 
apart from the "common or “Plaistow" variant is reflected 
in the other population studies in India where only a 
single Gujarati individual was found with the rare 
“Richmond" phenotype,
(d) Lactate Dehydrogenase (LDH)
Introduction
Indian populations tested so far are characterised 
by a high frequency (1 to 4 per cent) of a genetically 
controlled variant of lactate dehydrogenase designated 
as “Calcutta-1" (Das et al, 1970b; Ananthakrishnan et al, 
1970), In contrast to this, genetic variants of LDH 
occur sporadically in most other populations except 
in the case of U,S. Negroes and black Africans where 
the combined frequency of variants approximate 1 per 
cent (Vesell, 1965),
Structural studies on lactate dehydrogenase have 
shown that lactate dehydrogenäseproteins are tetramers 
composed of four polypeptide subunits (Apella and 
Markert, 1961; Markert, 1962, 1963a, 1963b and 1964).
The polypeptide subunits are of two different kinds 
usually referred to as A and B, Available evidence 
seems to show that the five electrophoretic bands of 
lactate be represented as follows: LDHl = ;
LDH2 = AB3; LDH3 = A ^ ;  LDH4 - A3B and LDH5 = A4.
Fig.3. 6-PGD phenotypes on starch gel electrophoresis using 
0.2M phosphate buffer at pH 7.0. 1 and 5 are normal,
2 and 4 are 'Plaistow' and 3 is a 'Hackney'.
55.
At alkaline pH during electrophoresis LDHl is the most 
anodal and LDH5 is the most cathodal band. However, in 
red cell extracts LDHl, LDH2 and LDH3 are seen. LDH4 
and LDH5 are not visualised owing to low concentration 
in red cells. Existence of separate gene loci controlling 
the two polypeptide subunits A and B have been confirmed 
with the finding of genetic variants of LDH in Man 
(Vesell, 1965; Mourant et al, 1968 and Blake et al, 1969) 
which give the expected number of bands of LDH activity 
in a heterozygote due to random combination of mutant 
and normal alleles, mutation occurring in either the 
A or B sub-unit. Family studies on some of these 
variants (Davidson et al, 1965; Das et al, 1970b) 
indicate a co-dominant autosomal mode of inheritance. 
Technical Methods
The same conditions for gel preparation, sample 
application and electrophoresis were used as described 
in the section on 6-phosphogluconate dehydrogenase.
After electrophoresis gels were sliced horizontally 
and one half used for localizing lactate dehydrogenase 
bands with the following reaction mixture:
Sodium lactate
Nicotinamide adenine 
dinucleotide
MTT tetrazolium
Phenazine methosulfate
5 mgms
0.1 ml ) in 10 ml of 0.1M 
) Tris/Hydrochloric 
) acid buffer pH8.5 
) with equal volume 
mgms ) of 1 per cent agar 
per gel.mgms
The composition of substrate buffer has been described
in the section on adenylate kinase.
A special gel tray to ensure a longer migration 
distance and the following buffer was used for further 
studies on variants since they afforded better reso­
lution of multiple LDH bands.
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The buffer composition was as follows:
0.9 Molar Tris 109 gms)
0.02 Molar Sodium Salt 7.4 gms?
of Ethylene Diamine .
Tetraacetic Acid ^
0.05 Molar Boric Acid 30.9 gms)
For 1 litre 
of distilled 
water.
pH 8.6
The gel buffer was the above buffer diluted 1:20; 
a 1:5 dilution of the above buffer was used for the 
anodic vessel and 1:7 dilution was used for the 
cathodal vessel. Electrophoresis was carried out for 
24 hours with an output voltage of 500 volts; the gels 
were held between metal cooling plates with water 
circulated at 15°C. Visualisation of the LDH bands 
was carried out using the method described above.
Results and Discussion
In the earlier part of the present studies, two 
individuals among the Naicker were seen to possess an 
LDH electrophoretic variant with three bands in the 
LDH3 position, two bands in the LDH2 position and a 
single band in the LDHl position. Subsequently, a 
similar variant was found among Bengalis which on 
comparison with the variant found in south India, was 
found to have identical electrophoretic mobility. This 
was given the trivial name *Calcutta-lu (Das et al,1970b). 
Fig 4a gives the electrophoretic pattern of "Cal-l", 
with normal controls on either side bordering two 
uCal-lu variants in the centre. The electrophoretic 
pattern observed indicates that it is an A sub-unit 
variant since there is a single band in the LDHl, two 
bands in LDH2 and three bands in the LDH3 position. An 
apparent anomaly is that the LDHl band of this variant 
is slightly faster than the single band in the LDHl
Fig.4. Starch gel electrophoretic pattern of LDH variants in 
phosphate citrate buffer at pH 7.0. (a), 1 and 4 are
normals, 2 and 3 are 'Cal-1' variants. (b), 5 and 8 
are normals, 6 is Memphis 4 and 7 is 'Madras-1' variant.
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position of a normal pattern.
Subsequently, a 19-year old Nadar girl from 
Nanguneri was found to have single bands in the LDHl, 
LDH2 and LDE3 positions respectively, but the bands 
are faster than the corresponding single bands in the 
normal pattern.. The bands LDH2 and LDH3 of this 
variant are identical in mobility with the fastest 
moving band of LDH2 and LDH3 of the “Cal-l“ variant. 
Prolonged electrophoresis in the specially constructed 
gel tray using the buffer system described above 
confirmed this observation. Fig.5 shows this sample 
run alongside a ,lCal-lK variant with normals on either 
side. This indicates the possibility that this variant 
represents homozygosity for the variant allele which 
produces the uCal-lt phenotype. The faster mobility 
of LDHl, along with a similarly increased mobility 
for LDHl in the heterozygote, is difficult to explain 
on the basis of an A sub-unit change. Repeated attempts 
to separate the LDHl band of the heterozygote into more 
than one component, however, have failed and the earlier 
suggestion that the *Cal-l" variant is an A sub-unit 
variant remains unchanged.
The only other homozygote of an LDH variant was 
first reported by Vesell (1965). It was suggested that 
this was an homozygote for a B sub-unit variant with 
increased mobility, this variant had single bands in 
LDHl, LDH2 and LDH3 but the band in LDH3 had identical 
mobility with its counterpart in a normal sample. The 
propositus was a 74-year old woman suffering from 
lymphosarcoma and the possibility of disease altering 
the electrophoretic mobility of LDH bands is not ruled 
out. In the case of the supected homozygote discovered
Fig. 5. Starch gel electrophoretic pattern of LDH variants in
Tris:EDTA:Borate buffer at pH 8.4. 1 and 4 are normals. 
2 is a 'Cal-1' heterozygote and 3 is a suspected 'Cal-11 
homozygote.
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in this study, the propositus was a 19-year old Nadar 
girl who was apparently in good health. Attempts to 
confirm and extend the present studies on this 
suspected homozygote have been frustrated due to 
inability to obtain a further sample from the indivi­
dual, or samples from her family.
“Madras-111, a B subunit variant was found among 
two members of the Miscellaneous castes. Fig 4b shows 
the “Madras-lu variant run alongside a “Memphis-4" 
variant with normals on either side. This variant has 
not been found among other caste groups or in other 
Indian populations studied so far. “Madras-1“ LDH 
variant represents a sporadic mutation as has been 
reported for other populations.
The occurrence of “Cal-l" LDH variant among Indian 
populations as reported earlier by Das et al (1970b) 
and Ananthakrishnan et al (1970) enables the LDH locus 
to be used for comparative purposes. Gene frequency 
differences of “Cal-l" variant for the various castes 
can be used for the computation of genetic distance. 
The parents of the family material studied for inter­
action between the ABO blood groups and haptoglobin 
system were tested for LDH variants and the data 
obtained added to the appropriate castes. Nadar has 
the highest frequency of "Cal-l“ variants with 4.14 
per cent (Table 14a). The Miscellaneous castes and 
Naicker have frequencies of 2.98 per cent and 3.91 
per cent respectively with the Brahmin having a low 
frequency of 0.93. No variants were detected in the 
present series among the Thevar and Reddiar.
“Cal-l" variants among Gujaratis, Marathis (1.79 
per cent and 1.00 per cent - Blake et al, 1970a)and
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TABLE 14B
CHI-SQUARE VALUES FOR 'CALCUTTA-l1 FREQUENCY DIFFERENCES 
BETWEEN CASTES IN TAMILNADU WITH 1 DEGREE OF FREEDOM
Brahmin
1
Naickeri Nadar ;
i NAICKER 2.08
| NADAR 4.32* 00O ”1
!
MISC.CASTES 5.56* 0.28 0.17
*Significant at the 5 per cent level of 
probability.
TABLE 15
DISTRIBUTION OF LACTATE DEHYDROGENASE VARIANTS 
IN VARIOUS INDIAN POPULATIONS
Population No.Tested
•Cal-l'
Variant
%
Gene
Freq­
uency
1 Madras-1' 
Variant 
%
____________
Gene
Freq­
uency
Reference
BENGALI 269 1. 86 . 0093 ooo o * o o Das et al(1970b)
MARATHI 504 1.79 . 0089 0.00 ooo Blake et al 
(1970a)
GUJARATI 501 f—1 • o o . 0050 0. 00 0.00 I I
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Bengalis (1.86 per cent - Das et al, 1970a)are lower 
than some of the castes in south India but are in the 
general range of 1 to 2 per cent for Indian populations 
reported up till now. Further studies on geographic 
and caste based distribution of uCal-l“ variant and 
studies on functional differences, if any, of the 
mutant enzyme, may suggest a possible selective 
advantage in the occurrence and spread of this mutant 
enzyme in high frequencies among Indian populations.
(e) Red Cell Acid Phosphatase (Ac.Ph)
Introduction
Genetic variants of human red cell acid phosphatase 
were discovered by Hopkinson et al (1963). Five common 
phenotypes designated A, BA, B, CA and CB were demon­
strated by starch gel electrophoresis using tris- 
succinic acid in the gel and citric acid/sodium 
hydroxide as the bridge buffer at pH 6.0. From 
family studies Hopkinson et al (1963) deduced that 
the inheritance of these phenotypes could be explained 
on the basis of three autosomally co-dominant allelic 
genes designated as Pfts , PH& and P . They failed 
to detect the homozygous Pife /PBfe phenotype which was 
subsequently discovered by Lai et al (1964) in a sample 
from Brazil.
The mode of inheritance postulated by Hopkinson 
et al (1963) for the common acid phosphatase phenotype 
has been confirmed by family studies from other labor­
atories (Giblett and Scott, 1965; Fuhrmann and Lichte, 
1966; Karp and Sutton, 1967 and Speiser and Pausch, 1967) 
Two other rare alleles P%fe and Pfcftg^  have subsequently 
been reported. Giblett and Scott (1965) reported a 
phenotype RA in Negroes and Giblett (1967) found an RB
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phenotype. Karp and Sutton (1967) from one large 
pedigree confirmed the mode of inheritance of P#p .
They also found an additional phenotype BD which 
appeared to represent the presence of the other 
rare allele Pj#sD.
The isozymes of type A are of about equal activity 
and migrate more rapidly than those of other homozygous 
types. The isozymes of type B and C have the same 
electrophoretic mobility but they differ markedly in 
their relative proportions. The heterozygous types 
have the general appearance expected from a mixture 
of the isozymes of their corresponding homozygous 
types.
Technical Methods
Eleven and half per cent starch gels (starch from 
Connaught Research Laboratories, Toronto, Canada) 
were prepared. The buffer composition was as follows:
Electrode Buffer: (Karp and Sutton, 1967)
0.245 Molar Sodium Dihydrogen 76.4 gms)
Phosphate ) To 1 litre
0.150 Molar Trisodium Citrate 88.2 gmsj distilled
.006 Molar Sodium Salt of 3.7 gms) water
Ethylene Diamine Tetra )
Acetic Acid. )
Gel Buffer: pH 5.9
The gel buffer was the electrode buffer diluted 1:100.
Substrate Buffer:
The substrate buffer was made up as follows:
0.05 Molar Citric Acid 10 gms to 1 litre of 
distilled water.
Sodium hydroxide pellets were added to bring the 
pH to 5.9.
Gels were poured as described in the section on
6 3.
adenylate kinase. One ml of ß-mercaptoethanol was 
added to each 250 ml of starch solution after degassing, 
prior to pouring into the gel trays. Samples were 
inserted on Whatman No.17 filter paper and electro­
phoresis was carried out for 16 hours at 3 volts per 
centimetre, the gels being held between metal cooling 
plates in which water was circulated at 15°C. After 
electrophoresis the intact gels were incubated at 
37°C for three to four hours with phenolphthalein 
diphosphate (.005 Molar:0.295 gms in 100 ml of 
substrate buffer) . After removal of the gels from 
the incubator the substrate buffer was siphoned off 
and colour was developed by adding one ml of ammonium 
hydroxide per 100 ml of distilled water.
Results and Discussion
At the acid phosphatase locus, out of the three 
common alleles, A and B occur more frequently than C 
in most of the populations studied to date. This was 
also the case among the south Indian populations in 
the present study. Fig.6 shows the starch gel electro­
phoretic pattern of the phenotypes A, B and AB. gTable 16a gives the gene frequencies of P-Efte 
among the caste groups in Tamilnadu with appropriate 
X 2 values assuming Hardy-Weinberg equilibrium. The 
X 2 value for Thevar indicates a significant difference 
from the expected distribution of phenotypes.
However, it appears unlikely that technical errors 
in typing acid phosphatase phenotypes caused this 
deviation since the other five caste groups which 
were typed in an identical manner were not found to be 
significantly different from the expected distribution.
gThe P^8 frequency of Thevar is significantly 
different from Brahmin (x2i = 13.5), Naicker (x2i = 44.60),
Fig. 6 Acid Phosphatase phenotypes on starch gel electrophoresis 
at pH 5.9. 1 is phenotype A, 2 is phenotype B and 3 is
phenotype AB.
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Miscellaneous (x2'i = 27.02), Reddiar (x2i = 49.22) 
and Nadar (x2'i= 53.66). Nadar and Reddiar are 
significantly different from the Brahmin (Nadar and 
Brahmin x2V, = 5.54; Reddiar and Brahmin x2] = 4.68)
as shown in Table 16b).gP&gr frequencies for Marathis and Gujaratis 
(0.72 and 0.71 - Blake et al, 1970a)and Bengalis 
(0.73 - Das et al, 1970a)as well as for Indians in 
England (0.67 - Hopkinson, 1968) fall in the range of 
frequencies for south Indian populations in the present 
study (0.639 - 0.800). The frequencies for most Indian 
populations reported so far are higher than most 
European populations (Hopkinson, 1968).
QThe P&fe allele occurs with low frequency in Nadar
and Thevar (.006 and .003) and is absent in the other
four castes. It is of interest to note that Lai and
nKwa (1968) noted an absence of the P#s allele among 
Indians in Singapore which compares well with the
Qabsence of Piter from four castes and very low 
frequencies in the other two castes in the present 
study.
rThe PHtt allele is absent also in the Marathis
but present in the Gujaratis in low frequency (0.0045).
This is slightly higher than Bengalis (0.0039) but is
Clower than the Pfts gene frequency of 0.02 reported by
Hopkinson (1968) for Indians in England. Blake et al
(1970a)suggest that since the Gujaratis are a more
northerly population than the Marathis, the presence
of the Ptfte allele among Gujaratis could be indicative
of intrusion of the P&& allele from the north-west.
This possibility is worth investigating since Middle-
rEast populations (Hopkinson, 1968) have a higher P&s
gene frequency than the Gujaratis and are comparable
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TABLE 16B
6 6 .
CHI-SQUARE VALUES FOR A c . P h .  GENE FREQUENCY DIFFERENCES 
BETWEEN VARIOUS CASTE GROUPS IN TAMILNADU WITH 
1 DEGREE OF FREEDOM
.......................... . B r a h m i n ! N a i c k e r N a d a r R e d d i a r  | T h e v a r
NAICKER
C
O•
04 I ___ i J
NADAR
: ................................................ • • ■. — - - - —  -
5 , 5 4 * j  0 . 5 8 1
REDDIAR 4 . 6 8 * 0 . 3 1 0 . 0 4
1
!
THEVAR 1 3 . 5 *
j ....................
4 4 . 6 0 * 5 3 . 1 6 * 4 9 . 2 2 *
M IS C .C A ST E S 1 . 3 7 0 . 1 7
i - ________ - i
1 . 2 4
,
0 . 8 6  2 7 . 0 2 *
* S i g n i f i c a n t  a t  t h e  5 p e r  c e n t  l e v e l  o f  p r o b a b i l i t y .
TABLE 17
D ISTR IB U TIO N  OF ACID PHOSPHATASE PHENOTYPES 
IN  VARIOUS«INDIAN POPULATIONS
P o p u l a t i o n
----------— r -  —  ------- -
XT P Ä » bN o .  ; „ D
T e s t e d ! G e n e
F r e q u e n c y
r ---------------—
P»®C
G e n e
F r e q u e n c y
R e f e r e n c e
I n d i a n
( S i n g a p o r e )
1 1 6
mO
'%o 0 . 0 0 0 0 L a i  & Kwa ( 1 9 6 8 )
I n d i a n
( L o n d o n )
2 2 2 0 . 6 7 0 .  0 2 0 0 H o p k i n s o n  ( 1 9 6 8 )
B e n g a l i s 2 5 7 0 . 7 3 0 .  0 0 3 9 D a s  e t  a l  ( 1 9 7 0 a )
G u j a r a t i 442 0 . 7 1 0 . 0 0 4 5 B l a k e  e t  a l  ( 1 9 7 0 a )
M a r a t h i 3 9 9 0 . 7 2 0 . 0 0 0 0 B l a k e  e t  a l  ( 1 9 7 0 a ) '
67.
Qto the lower value of Pitas frequency for European 
populations. The suggestion of Blake et al (1970a)that
Qthe P&fe allele is an intrusion from the north-west is 
also used by the authors to explain Hopkinson‘s divergent 
results on the basis that the majority of persons tested 
in London were Sikhs and Punjabis and that these groups
Qmay have a higher Pff» gene frequency.
(f) Peptidases
Lewis and Harris (1967) using specific di- and tri­
peptides, recognised five different peptidases, A, B, C,
D and E in human red cells. These peptidases are capable 
of breaking down peptides into their component amino- 
acids. Pep A and Pep B have been studied in some 
detail; genetically controlled electrophoretic variants 
have been detected in both systems. The commonest 
Pep A phenotype is Pep Al-1, though in Negroes three 
phenotypes Al-1, A2-1 and A2-2 occur in polymorphic
frequencies, the three types being controlled by autosomal
1 2co-dominant alleles Pep A and Pep A . Pep A has not been 
found to be polymorphic in any other population.
At least six electrophoretic variants are known for 
Pep B (Giblett, 1969; Blake et al, 1970b)but with two 
exceptions others are rare variants. The two exceptions 
are Pep B5 and Pep B6 which occur in polymorphic fre­
quencies in localised areas among Australian Aborigines 
(Blake et al, 19 70b) .
Technical Methods
11.5 per cent gels (W:V of Connaught Hydrolysed 
Starch) were prepared from 1:20 dilution of 0.1M Tris buffer 
adjusted to pH 7.4 with maleic acid: undiluted buffer was 
used in the electrode vessels. Samples were applied on 
Whatman No. 3MM filter paper inserts and the gel run
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horizontally between metal cooling plates for 16 hours at a 
voltage gradient of 4-5 v/cm in the gel. After electrophor­
esis gels were sliced horizontally and one half stained for 
Peptidase A activity with the following reaction mixture:
L-valyl-leucine
L-amino acid oxidase
Peroxidase
O-Diansidine
0.1M Manganese Chloride
2o mgms 
5 mgms 
10 mgms 
5 mgms 
0.5 ml.
in 10 ml of 0.1M Tris/Hydrochloric buffer at pH8.5 
and an equal volume of 1 per cent molten agar added and 
layered on to the gel. Gels were incubated at 37°C for one 
hour and results read. Peptidase B was stained on the other 
half with the same mixture except that the tri-peptide 
L-leucyl-glycy1-glycine was used in place of 1-valyl-leucine.
Results and Discussion
No electrophoretic variants of Pep A or Pep B were 
found in the present study (Table 18 ). This absence of 
electrophoretic variants was also noted among Gujaratis, 
Marathis, with the exception of one Marathi sample reported 
to be of Pep B2-1 phenotype (Blake et al, 1970a)and Bengalis 
(Das et al, 1970a).
However, a variation in Pep A and Pep B enzyme 
activity was noted. The single band of Pep Al-1 being 
subjectively classified as 1-1, 1-lweak or zero in activity. 
Such variation in Pep A activity was noted by Kirk et al 
(1969) and Blake et al (1970a). The authors suggest that 
some of the noted variation in Pep A may be in part genetic 
and in part due to time lapse between collection of samples, 
preservation at -20°C and typing of Pep A phenotype. In 
Pep B, some of the samples had no activity, probably caused by 
the time lapse between collection, storage and typing of the 
Pep B phenotype.
TABLE 18
DISTRIBUTION OF PEPTIDASE PHENOTYPES 
IN A SAMPLE FROM TAMILNADU
Total
; ' . ..J___ ____ 1-1
—  
1-1 weak 0• i
Peptidase A 
393 249 15 129
Peptidase B 
4 86
| ...........................
440 46
_i
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CHAPTER 5
GENETIC DISTANCE ANALYSIS OF CASTE GROUPS IN TAMILNADU 
Introduction
Comparisons between human populations using single 
traits have been carried out for many years. Such data 
for single trait differences, however,are of limited 
informative value. Parsons (1968) suggests that the more 
informative procedure is to carry out complete surveys 
based on many traits simultaneously. Such surveys enable 
the calculation of "distance statistics" between groups 
of individuals. These distance statistics provide a unit 
measure of sum total of differences in a more complete 
sense than stating that groups differ for individual traits.
Various "distance statistics" have been proposed over 
the years. Among the earlier methods were Joyce's (1912) 
"Differential Index" and Pearson's (1926) "Coefficient of 
Racial Likeness".
Mahalanobis (1936) devised an appropriate statistical 
method for arriving at a quantitative measure of biological 
difference based on morphological measurements. He called 
this measure of difference "generalised distance" or d2.
This statistic, if appropriately adjusted, is independent 
of sample size. Steinberg et al (1967) modified Mahalanobis' 
statistic, which was designed for continuous variables 
such as sitting height, head length etc., to suit dis­
continuous variables, particularly gene frequency data.
Sanghvi (1953) provided a simplified method based on
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chi-square differences between gene frequencies. Sanghvi's 
X 2 is of value in cutting down the computational load 
which is rather heavy in Mahalanobis' d2 statistic, but 
suffers from two restrictive conditions:
(a) the parameters should not be intercorrelated,
(b) the sample size should be the same.
Other methods have been suggested. Workman and 
Niswander (1970) used Wright's F statistic to arrive at an 
estimate of local differentiation among the Papago Indians.
Cavalli -Sforza and his colleagues (Cavalli-Sforza
et al, 1964; Cavalli-Sforza, 1966; Cavalli-Sforza and
Edwards, 1967) have also devised a method for computing
genetic distance between populations and extended this to
the construction of phylogenetic trees. For a single
locus with m alleles, two populations are given the distance
m
d = (2/2/tt) /l-Cos 6 where Cos 6 = E /p^p^ p.£ and pj are
i=l
the frequencies in the respective populations of the i 
allele. The total distance D is obtained from the distances 
resulting for each lociisby squaring each and extracting the 
square root of the sum.
The pairwise distances between populations are subjected 
to a method of cluster analysis (Edwards and Cavalli-Sforza 
[1965]) which separates the populations into smaller 
clusters by a succession of binary splits. The populations 
are then joined by a network in the shape of a tree, the 
best network being selected on the principle of “minimum 
evolution“, that is the net which involves the least sum 
of edges to connect all points.
Cavalli-Sforza and his colleagues envisaged evolution
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as a tree with its branches denoting the various popula­
tions. It is assumed that evolution is a random process, 
each separate population evolving independently. The draw­
backs of the system are that it does not take into consider­
ation hybridization,, and also it does not allow for 
convergence and parallelism, that is for similar selective 
response to similar environmental stimuli in different 
populations. This latter phenomenon contradicts their 
basic assumption that evolution proceeds independently in 
different populations.
The method of Cavalli-Sforza and his colleagues has 
been used by Fitch and Neel (1969) and Neel and Ward (1970) 
to study phylogenetic relationships between South American 
Indians, and Spuhler (1969) has similarly used it to study 
relationships among native North Americans.
Genetic Distance Studies among Indian Populations
For Indian populations genetic distance studies using 
Sanghvi's x2 have been done by Sanghvi (1953), Vyas et al, 
(1958, 1962) and Karve and Malhotra (1968). Sanghvi (1953)kstudied Desasth Yajurvedi Brahmin, Ko^iasth Brahmin and 
Chandraseniya Kayastha Prabhu, Desasth Rigvedi Brahmin and 
Vadanagana Nagar Brahmin. The genetical data consisted 
of ABO, Mn and Rh blood groups, taste reactions to P.T.C. 
and colour blindness of the red-green type. The least 
distance was between Desasth Rigvedi Brahmin and Desasth 
Yajurvedi Brahmin and the furthest distance was between 
Vadanagara Nagar Brahmin and Chandraseniya Kayastha 
Prabhu. Vyas et al (1958) studied six endogamous groups 
in Gujarat. They were Kapol Vania, a trading caste, Bhangi 
Harijans forming the lowest strata, the untouchables, 
Audichya Brahmin, one of the 93 endogamous groups comprising 
the Gujarati Brahmins, Leva Patidar - an agricultural caste 
by tradition but its members had taken to other vocations, 
Cutchi Lohana, a trading caste and Talavia Dubla which
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originated as an aboriginal tribe living in the Surat 
district. Genetical characters used were A..AoB0, MN, Rh 
(-C,-c,-D,-E) and Duffy blood groups, secretor and non- 
secretor status of blood substances in saliva, threshhold 
determinations of taste reaction to P.T.C. and colour blind- 
ness. The authors used Sanghvi's ^for computing genetic 
distance. The Bhangi was found to be furthest from Cutchi 
Lohana and Audichya Brahmin. An interesting finding was 
that Cutchi Lohana, a trading caste, and Talavia Dubla, an 
aboriginal tribe, had least x 2 values. However, the authors 
pointed out that both these groups claim descent from the 
Rajputs.
Vyas et al (1962) carried out a further genetic distance 
study on six tribes, namely Dubla, Naika, Dhodia, Gamit,
Bhil, Dhanka and one semi-tribe, Koli. Genetical characters 
studied were A^A2BO, MN, Rh subtypes -C-c-D-E, Fya and P 
blood groups, secretor and non-secretor status of group 
substances in saliva, taste reaction to P.T.C., red-green 
colour blindness and sickle cell haemoglobin. Sickle cell 
haemoglobin was found in all the tribes. There were two 
clusters formed, one between Gamit and Dhodia and another 
between Dubla, Bhil and Naika; Dhanka though different from 
these two clusters, was closer to the cluster formed between 
Dubla, Bhil and Naika. The semi-tribe Koli, was found to be 
different from the six tribes and also had the lowest Hb-S 
gene frequency.
Finally, Karve and Malhotra (1968) reported a study on 
eight endogamous groups all calling themselves Brahmin. The 
groups studied were Devrukhe Brahmin, Chitpavan Brahmin, 
Karhada Brahmin, Saraswat Brahmin, Deshastha Rigvedi Brahmin, 
Madhyandina Brahmin, Kanava Brahmin and Charak Brahmin. 
Genetical characters studied were A^^BO, MN, Rh sub groups
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(-C-c-D-E), red-green colour blindness, handclasping and 
hypertrichosis (hairy growth on the ear). The largest 
distance was between Kanava Brahmin and Madhyandina Brahmin 
and the least distance was between Devrukhe Brahmin and 
Madhyandina Brahmin. The authors concluded that there was 
nothing in the data to contradict Karve's hypothesis, that 
an aggregate of endogamous groups with a common name called 
a caste, might better be thought as a caste cluster, a group 
of castes which have attained, at different times and places, 
the same social rank, but which have kept their identity as 
endogamous units.
In the present study genetic distances between various 
castes in Tamilnadu, were computed using Cavalli-Sforza and 
Edwards' (1967) method. The department had available a computer 
program written by Professor W.J. Schull. Distance measurements 
were based on gene frequency data obtained for ^erum protein 
and red cell polymorphisms described earlier in Chapters 
3 and 4.
Results and Discussion
(a) Genetic Distance Measures Between Castes in Tamilnadu.
Table 19 gives the distance matrix for six popul­
ation groups from Tamilnadu using the five following 
loci: haptoglobin, 6-phosphogluconate dehydrogenase, 
adenylate kinase, lactate dehydrogenase and red cell 
acid phosphatase.
Three castes, namely Brahmin, Reddiar and Thevar,vere 
closely grouped. The Reddiar was closest to the Brahmin 
(.0869) and the value for distance between Reddiar and 
Thevar was .1438. The Miscellaneous castes were found 
to be closest to Naicker (.0864) which in turn was 
about the same distance from the Nadar (.0927). The 
six groups could be partitioned into two clusters of
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three each. Brahmin, Reddiar and Thevar forming one 
cluster, the other cluster being formed by Nadar,
Naicker and Miscellaneous castes.
Table 20 gives the distance matrix for four castes, 
namely Nadar, Reddiar, Thevar and Miscellaneous castes.
In this computation data for the phosphoglucomutase 
locus was added to the above mentioned five loci.
Brahmin and Naicker were omitted from the computation 
since phosphoglucomutase data was not available for 
these two caste. In this analysis Reddiar was closest 
to Thevar (.1438) and Nadar was closest to the Misc­
ellaneous castes (.1478). This substantiates the 
earlier analysis made using five systems for the six 
groups.
In general, it is clear that the genetic distance 
values between the castes in Tamilnadu are not high, 
the highest value being found between Nadar and Reddiar 
(.2171). Cavalli-Sforza et al (1969) found an average 
distance of .258 between any two African populations. 
However, the distance values are not strictly comparable, 
since the loci used in the two studies were not identical.
Cluster analysis of the pairwise distances by the 
method of Edwards and Cavalli-Sforza (1965) confirmed the 
observations based on distance measures. Using five 
loci for six castes the best phylogenetic tree, chosen 
on the principle of minimum evolution, in the first 
split showed Nadar, Naicker and Miscellaneous castes 
in one cluster and Brahmin, Reddiar and Thevar in the 
other (Figs. 7 and 8). In subsequent splits, Thevar 
constituted one arm and Brahmin and Reddiar the other. 
Similarly, in the other cluster, Nadar was on one arm 
and Naicker and Miscellaneous castes on the other.
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In a similar analysis on four castes using the 
six loci referred to in the genetic distance analysis, 
Nadar, Reddiar, Thevar and Miscellaneous showed two 
clusters with Reddiar and Thevar constituting one 
cluster and Nadar and Miscellaneous constituting the 
other (Fig. 8).
(b) Genetic Distance Analysis between castes in Tamilnadu 
and Population Groups in Bombay and Calcutta.
Table 21 gives the genetic distance matrix for 
the following groups: Bombay Brahmin, Bombay Non-
Brahmin, Calcutta Villagers, Calcutta Blood Donors 
and the Nadar, Reddiar, Thevar and Miscellaneous 
castes from south India. The loci used were 6-phospho- 
gluconate dehydrogenase, lactate dehydrogenase, adenylate 
kinase, phosphoglucomutase and red cell acid phosphatase. 
Haptoglobin was omitted since data was not available 
for the non-south Indian groups.
The two population groups from Calcutta were used 
separately in the likelihood that they may represent 
different castes in Bengal. If the Calcutta villagers 
are composed of higher castes it would be of interest as 
Majumdar & Rao (1958) suggest that the higher castes 
could represent migratory elements from the North and 
North-West.
The four non-south Indian groups were found to 
be close to each other. The Bombay Brahmin was 
closest to the Calcutta villagers (.0629) than to 
the Bombay non-Brahmin (.0708).
The interesting feature of comparisons of south 
Indian castes with groups from Bombay and Calcutta is 
that the four non-south Indian groups were found to
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be closer to the cluster formed by Nadar and Misc­
ellaneous castes of south India than to the cluster 
formed by Reddiar and Thevar. Sampling of a larger 
number of castes in other parts of India and 
extension of the present studies to more south Indian 
castes would be needed to understand the significance 
of this finding.
Haptoglobin data was available for Bombay (Baxi 
and Camoens, 1969) and Calcutta (Mukherjee and Das,
1970) but the published data did not permit classification
of western and eastern Indian groups into the same 
categories as used in the previous analysis. To 
compute genetic distance using six loci therefore, 
comparisons were made with four castes from south 
India, namely Nadar, Reddiar, Thevar and Miscellaneous 
and pooled figures for Bombay and Calcutta. The 
genetic distance matrix is given in Table 22. This 
is in agreement with previous analysis, the Bombay 
and Calcutta populations clustering with Nadar and 
the Miscellaneous castes of south India.
Using the same data Figs. 9 and 10 show the 
phylogenetic trees computed for five and six loci 
respectively. Once again in both cases Reddiar and 
Thevar split off quite distinctly from the Nadar and 
Miscellaneous castes, which in turn are more closely 
related to other populations of western and north­
eastern India.
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TABLE 19
GENETIC DISTANCES BETWEEN SIX CASTE GROUPS IN TAMILNÄDU
For the loci haptoglobin, 6-phosphogluconate dehydrogenase, 
adenylate kinase and lactate dehydrogenase.
Brahmin Naicker Nadar Reddiar Thevar
NAICKER 0.1231
________ ._1__________
NADAR 0.1947 0.0927
_________ !
REDDIAR 0.0869 0.1561
. .
0.2079
THEVAR 0.1047 0.1564
-
r.. -
0.1944 0.1437
; MISCELLANEOUS 0.0995 0.0864 0.1368 0.1389 0.1425
TABLE 20
GENETIC DISTANCE BETWEEN FOUR CASTE GROUPS IN TAMILNADU
For the loci haptoglobin, 6-phosphogluconate dehydrogenase, 
adenylate kinase, acid phosphatase, lactate dehydrogenase 
and phosphoglucomutase.
Nadar Reddiar Thevar
' REDDIAR 0.2171
THEVAR 0.2024
..............  .....___
0.1438
, MISC.
:
0.1478
.
0.1824 0.1812
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GENETIC DISTANCES BETWEEN EIGHT POPULATION GROUPS IN INDIA
For the loci 6-phosphogluconate dehydrogenase, adenylate kinase, acid phosphatase 
lactate dehydrogenase and phosphoglucomutase.
80.
TABLE 22
GENETIC DISTANCES BETWEEN SIX POPULATION GROUPS IN INDIA
For the loci haptoglobin, 6-phosphogluconate dehydrogenase, 
adenylate kinase, acid phosphatase, lactate dehydrogenase 
and phosphoglucomutase.
IGroup Nadar_ ..... _.. J ........ Reddiar Thevar Mi sc.
Bombay
(Pooled)
REDDIAR 10.2171
l______________ i . ... ... . . • .. .......
THEVAR 0.2024 0.1438
MISCELLANEOUS' 0.1478 0.1824 0.1812
■BOMBAY ! .'(POOLED) :0.1d z 51_
0.1673 0.1389 0.0920
! CALCUTTA 
(POOLED) 0.1716 0.1438 0.1345 0.1101 0.0433
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DISCUSSION
Introduction
Neel and Schull (1968) state that "they (polymorphisms) 
have now reached such numbers and new ones are being 
recognised at such a rate, that the understanding of their 
significance is unquestionably a focal problem in biomedicind'.
q
They also state that four principal.* possibilities must be 
considered in the maintenance of a polymorphism (1) the 
mutant is near normal in its properties (neutral mutation),
(2) the heterozygote has some selective advantage over the 
normal, that compensates for the gene loss due to impaired 
performance of the homozygote (balanced polymorphism), (3) 
a favourable allele is in the process of replacing its 
predecessor (transient polymorphism) and (4) genotypes 
which now appear equivalent, at other gene frequencies 
are not equivalent (frequency dependent selection).
Apart from these, other possibilities exist. These 
include the introduction of the gene through migration, or 
positive selection in one sex and negative in the other, 
a priori rare, or reproductive compensation without hetero- 
zygote advantage.
MThe causes of the differing gene frequencies found in different populations, 
and of the maintenance of the resulting polymorphisms have long been matters of 
controversy among geneticists. In particular, there has been much discussion 
of the relative parts played by genetic drift and by natural selection in giving 
rise to these differences. \ . Wright
(1931) suggested that variance in gene frequency expresses 
the magnitude of the change of gene frequency resulting 
from the dispersive processes. In other words, neutral 
mutations could have reached considerable frequencies in 
human populations during the passage of time. Cavalli-
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Sforza (Cavalli-Sforza, 1966 and 1967) and his co-workers 
(Cavalli-Sforza and Edwards, 1967, Cavalli-Sforza et al 
1964) have examined the consequences of drift on the 
frequencies of various alleles in human populations due 
to random processes and conclude that the variation in 
gene frequency was in the expected range due to random 
genetic drift. Hence, the part played by drift is likely 
to be more important than formerly believed. Mayr (1963) 
used the phrase “founder principle“ to indicate the source 
of variation introduced when a small number of individuals 
form the nucleus of a population group. Neel and Salzano 
(1967) after studying the Xavante Indians in Brazil have 
suggested a fission fusion pattern of population structure. 
At any one time the Xavante village is an endogamous unit. 
Periodically, however, social tensions lead to a split 
or fission. Such fission groups are along kinship lines 
leading to a highly non-random sampling of the gene pool. 
Neel (1967) coined the term “lineal effect" to denote 
the variation introduced into a population when a group 
of related individuals form the nucleus of that population. 
Neel and Ward (1970) have pointed out that the initial 
event in the formation of a new tribe among the Indians 
in Brazil was probably the breaking away of one or more 
related villages. This initial event could have profound 
consequences for subsequent tribal gene frequencies.
During the last few years new technical developments 
and new knowledge such as the sequential analysis of 
proteins and deciphering of the genetic code have made 
possible a close examination of evolutionary processes at 
the molecular level. King and Jukes (1969) after comparing 
amino acid sequences of selected proteins in a variety of 
species suggest that most evolutionary change in proteins
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may be due to neutral mutations and genetic drift. Kimura 
(1968) has estimated the time scale for amino acid substi­
tutions and has arrived at a mean value of 2.8 x lO? years 
for a single substitution in a chain of 100 amino acids in 
length. Crow (1969) concludes that drift is the major 
force in human evolution causing the present day human 
diversity.
Genetic drift will drive populations to homozygosity 
and this will be resisted by recurrent mutation and migra­
tion. Neel (1967), Neel and Schull (1968) have pointed out 
that in small isolated populations, where the variability 
would be expected to be diminished, the range of variab­
ility is as much as in contemporary populations. Lewontin 
and Hubby (1966) after an analysis of a large number of 
proteins in four strains of Drosophila conclude that 
complete selective neutrality is not a satisfactory 
explanation of the observed variability between the strains 
of Drosophila.
Ford (1940, 1964) suggested that polymorphism is 
maintained by a balance of selective forces rather than 
mutation or drift. Evidence of such heterozygote advantage 
for biochemical polymorphisms in human blood has been 
scanty. Suggestive evidence exists for the maintenance 
of sickle cell polymorphism (Allison, 1955, 1964 & 1968) 
and for thalassaemia and glucose-6-phosphate dehydrogenase 
deficieny (Motulsky, 1960, 1964). Morton et al (1966) 
after analysing a large number of polymorphisms in north 
eastern Brazil conclude that the ABO system is subject to 
measurable selection but for all other systems the evidence 
is negative or equivocal. However, Yasuda and Morton 
(1967) have applied Wahlund's principle to estimate the 
inbreeding coefficient of various alleles in north eastern
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Brazil.. They conclude that many genes of intermediate 
frequency have values of the inbreeding coefficient far 
too great to be attributed to genetic drift alone.
However, studies on the haptoglobin system for the 
past fifteen years have shown it to be stable. The 
evidence for stability of this system stems from the 
system achieving a good fit with Hardy-Weinberg equilibrium, 
gene frequencies of the Hp alleles being similar in related 
populations and family studies on the system. The later 
discovered polymorphic systems in human blood have presented 
no evidence to the contrary. Hence, the gene frequencies 
of some of these serum proteins and red cell enzymes have 
been used for the computation of genetic distance and 
construction of phylogenetic trees for the six caste 
groups from Tamilnadu.
Polymorphic variation among the castes was confined 
to six out of eight systems tested. The enzymes Peptidase 
A and Peptidase B and the serum protein transferrin, were 
found to be invariable. There were significant differences 
between at least some of the castes for the six polymorphic 
systems.
Haptoglobin
The haptoglobin system in India provides a good dis­
criminant marker in distinguishing the castes and possibly 
the tribal populations. In the present study the Hp  ^gene 
frequencies of the Brahmin and Reddiar are comparable to 
western and eastern Indian populations and are significantly 
higher than the Nadar, Naicker and Miscellaneous castes. 
Naicker, which probably had a tribal origin, has a low 
Hp  ^ gene frequency comparable to the Irulas (Kirk, 1968).
The tribal group Irula and the two castes Nadar and Naicker 
in the present study, have low Hjd^  gene frequencies with
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the Reddiar having the highest Hp^ gene frequency presently 
reported for any caste from Tamilnadu.
Neel and Schull (1968) suggest the study of interaction 
between polymorphisms as an important aspect in understanding 
their widespread occurrence. In this connection Ritter and 
Hinkelman (1966) noted an interesting interaction between 
the ABO blood group system and haptoglobin. There was a 
larger proportion of Hp 1-1 children among the ABO incompatible 
matings than in compatible matings. Kirk et al (1970a) 
after an analysis of nearly 1,000 families from Brazil 
substantiated Ritter and Hinkelman*s earlier observations 
and suggested that the Hp 1-1 phenotype was better able 
to survive hemolytic episodes due to ABO incompatability.
In the present study, there was a difference in Hp'1' gene 
frequency of children in ABO compatible and incompatible 
matings though the difference was not statistically 
significant. However, Kirk (1970b) after analysis of a 
further five family series has found significant differences 
in two of the series.
Segregation distortion in the 2-1 x 2-2 mating class 
was noted by Galatius-Jensen (1958) in the form of heter- 
zygote excess. Harris et al (1958) added further inform­
ation and the deviation was significantly different from 
expectation. Kirk (1968) noted a deviation in the same 
direction based on an analysis of all family material which 
had been published with the exception of Morton's Brazilian 
data. Heiken et al (1969) noted a heterozygote excess in 
the mating class 62-2 x 02-1. Morton et al (1966)noted a 
significant disturbance in the expected proportion of 
children, in the mating class Hp 2-1 x Hp 2-2, but the 
excess was for Hp 2-2 children. In the present study 
the excess was also for Hp 2-2 children in the 2-1 x 2-2
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mating class. However, the excess was not statistically 
significant. The children1s phenotype when distributed 
on the basis of sex revealed that the excess was confined to 
males.Kirk(pers.comm.) noted a similar deviation among the 
males in the Brazilian family studies of Morton et al (1966). 
Further studies on a larger scale are needed to confirm or 
refute the indications of this present study.
Adenylate Kinase
The AKX gene frequency of the Reddiar was found to be 
significantly different from the Naicker, Brahmin and Misc­
ellaneous castes. It is of interest to note that Reddiar 
and Brahmin who had comparable Hp gene frequencies are 
significantly different for the AK system.
2Rapley et al (1967) reported a high AK gene frequency
for Indians and Pakistanis in England. In the present
2study all the castes had a lower frequency of the AK gene 
than reported by Rapley et al for Indians in England, for 
Bengalis (Das et al, 1970a)or for Gujaratis and Marathis 
(Blake et al, 1970a).
Phosphoglucomutase
Two loci are involved in the control of electrophoretic 
patterns of phosphoglucomutase in human red cells (Spencer 
et al, 1964; Hopkinson and Harris, 1965, 1966) . In the 
present study variability was confined to the first locus, 
the second locus being invariable.
The PGM '^^  gene frequency of the Reddiar is significantly 
different from thatof the Nadar and Miscellaneous castes.
The Miscellaneous castes are significantly different from 
the Nadar and Thevar. It is of interest to note that the 
Thevar and Reddiar are not significantly different.
The PGM^^ frequencies of Indians in England (Hopkinson,
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1968), Bengalis (Das et al, 1970a and Marathis (Blake et al, 
1970a fall in the range of frequencies of the castes in the 
present study though Gujaratis (Blake et al, 1970a have a 
slightly lower frequency.
6-Phosphogluconate Dehydrogenase
The 'Plaistow' or 'Common1 variant was the common 
variant found among populations tested in the present 
study. The only other variant found was a 'Hackney' variant 
among a member of the Miscellaneous caste 
rThe PGP gene frequencies of Brahmin, Reddiar and 
Thevar is the lowest reported so far for any population
(Hopkinson, 1968) and is significantly different from the
C CPGP gene frequencies of Nadar and Naicker.. The PGP gene
frequencies of other Indian populations fall in the range
of gene frequencies for south Indian populations (Das et al,
1970a Blake et al, 1970a).
Lactate Dehydrogenase
Indian populations tested so far are characterised 
by a high frequency of electrophoretic variant of LDH 
designated as 'Cal-1' (Das et al, 1970b; Ananthakrishnan
et al, 1970). Among neighbouring Middle East populations 
the only electrophoretic variant reported was among Turkish 
Cypriots by Davidson et al, (1965).
It is interesting that in the present study the two 
higher castes. Brahmin and Reddiar, are characterised by 
a low frequency of the 1Cal-11 variant in Brahmin and its 
absence in the Reddiar. Nadar, Naicker and Miscellaneous 
castes who hold comparable socio-economic positions with 
each other, have higher frequencies of the 'Cal-1' variant 
than Brahmin and Reddiar. An anomalous finding is the 
absence of the ‘Cal-1* variant among the Thevar which holds 
a socio-economic position comparable with the Nadar, Naicker
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and Miscellaneous castes. Naicker, which probably had a
tribal origin, has a high frequency of the LDH variant,
hence it is likely that tribal populations in south India
may have a high frequency of the lCal-l‘ LDH variant, a
possibility which has been commented upon by Anantha-
krishnan et a 1 (1970). A similar difference in the
frequency of the lCal-l‘ variant between higher and lower
castes among Bengalis was reported by Das (personal commu­
nication) .
Acid Phosphatase
gThe PHs gene frequency of the Thevar was found to
be significantly different from that of the Brahmin,
Reddiar, Naicker and Miscellaneous castes. Brahmin was
found to be significantly different from the Nadar and 
BReddiar. PHs frequencies for Marathis and Gujaratis 
(Blake et al, 1970a Bengalis (Das et al, 1970a as well 
as for Indians in England (Hopkinson, 1968) fall in the 
range of frequencies for the castes in the present study.
QThe PHs allele is present in low frequency among the 
two castes Nadar and Thevar and is absent from the four 
castes Brahmin, Reddiar, Naicker and Miscellaneous. This 
compares well with the report by Lai and Kwa (1968) of an 
absence of the PHs allele among Indians in Singapore, 
since the Indian community in Singapore is believed to be 
largely derived from persons of south Indian origin.
QThe PHs allele is absent also in the Marathis but 
present in the Gujaratis in low frequency (Blake et al,1970a).
QThe PHs frequency for Gujaratis is slightly higher than 
for Bengalis (Das et al, 1970a) but lower than for Indians 
in England (Hopkinson, 1968). Blake et al (1970a)suggest 
that since the Gujaratis are a more northerly population
Qthan the Marathis the presence of the PHs allele among the
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QGujaratis could be indicative of intrusion of the PHs
allele from the north-west. This suggestion is also used
by the authors to explain Hopkinson‘s divergent results on
the basis that the majority of persons tested in London
were Sikhs and Punjabis and that these groups may have a 
Chigher PHs gene frequency.
Transferrin
At least nineteen electrophoretic forms of transferrin 
are known (Kirk, 1969) but in the present study transferrin 
was found to be virtually invariable. The one transferrin 
variant was a CD found among the Brahmin.
The interesting feature of the distribution of
transferrin variants in the Indian sub-continent is the
extent of penetration of the Mongoloid marker CDC^ .  Kirk
et al, (1962b) repor ted the presence of C D ^ ^  among the
Oraons in the north-east which along with another Mongoloid
marker, the blood group Dia+, indicated the presence of
Mongoloid elements in the population. However, Siniscalco
(unpublished observations) has reported the occurrence in
high frequency of CD variants among the tribals in Andhra
Pradesh. Should these variants include the CD_, . variantChi
then it is likely that Mongoloid penetration spread further 
south than was hitherto thought.
Peptidases
Among the five peptidases demonstrated in human red cells 
by Harris and Lewis (1967), two, Pep A and Pep B, have been 
studied in some detail (Blake et al, 1970b). The three common 
phenotypes of Pep A, 1-1, 2-1 and 2-2, have been found to be 
polymorphic only among Negroes. At least six electrophoretic 
variants of Pep B are known (Giblett, 1969; Blake et al,1970b) 
Two of them, Pep B-5 and Pep B-6 are found to be polymorphic
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among Australian Aborigines. In the present study no 
electrophoretic variant of Pep A or Pep B was found.
Genetic Distance Studies
Using Cavalli-Sforza and Edwards (1967) method for 
computation of genetic distance and construction of phylo­
genetic trees, the six caste groups in the present study 
were found to be clustered into two groups. One group 
was formed by Brahmin, Reddiar and Thevar and the other 
cluster was formed by Nadar, Naicker and Miscellaneous 
castes.
In Tamilnadu, as in the rest of India, social factors 
are the barrier which maintain a large number of endogamous 
groups in reproductive isolation. On a customary socio­
economic scale the Brahmin and Reddiar hold com parable 
positions, though marriages between members of the two 
communities are frowned upon socially. Thevar, which 
holds a lowly position, is found clustered with the 
Brahmin and Reddiar. Out of six systems which were found 
to be variable in the present study, Thevar differed from 
the Brahmin and Reddiar in two systems, that is haptoglobin 
and red cell acid phosphatase. Similarly, the Brahmin was 
found to differ from the Reddiar in two systems, red cell 
acid phosphatase and adenylate kinase. Sanghvi (1966) 
suggests that the Brahmin is a variable group having 
mixed considerably in some cases with the existing 
surrounding populations. The clustering of the Brahmin 
with the Reddiar and Thevar in south India is in agreement 
with such a suggestion. It is possible that in the distant 
past the Brahmin has perhaps recruited members to its ranks 
from surrounding caste groups, not necessarily of the same 
social status. However, since the precision of the 
computation of genetic distance is enhanced the more
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genetic systems that are used in its compilation, further 
extensions of the present study to blood groups and other 
genetic polymorphisms, may provide additional evidence 
for the reality of this clustering.
In the other cluster formed by the Nadar, Naicker and 
Miscellaneous castes there were no differences between the 
Nadar and Naicker. The Miscellaneous castes were different 
from the Nadar in the phosphoglucomutase and 6-phosphoglu- 
conate dehydrogenase systems and from the Naicker in the 
6-phosphogluconate dehydrogenase system. These three caste 
groups hold comparable socio-economic status. The clustering 
of Naicker which probably had a tribal origin, with Nadar 
which has been classified as a caste and the Miscellaneous 
castes suggests that some of the castes could have evolved 
from tribal populations. This suggestion finds support 
from Kosambi (1965) who suggested that the lowest strata 
in India consists of tribes and castes who owe their posi­
tion to their refusal to take to organised agriculture.
The interesting feature of the genetic distance 
analyses comparing western and eastern Indian populations 
with the castes from south India in the present study was 
the clustering of these populations with the Nadar, Naicker 
and Miscellaneous group. Ghuyre (1969) suggests that the 
higher castes in south India contained a large proportion 
of migrants. If this suggestion were true, the western 
and eastern Indian populations would have been expected 
to be clustered with the Brahmin, Reddiar and Thevar.
However, future extensions of the present studies to more 
castes and more genetic systems in western and eastern 
India and south India may be expected to provide a 
clearer understanding of the inter-relationship of the 
regional populations.
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A look, to the future
In the present study, the six systems which were 
found to be variable among the caste groups in Tamilnadu 
suggested some further extensions of the present work.
Each of the systems are treated individually in the 
succeeding paragraphs.
The haptoglobin system has provided some interesting 
pointers to investigate the possibilities of differential 
migration of some castes to Ceylon and Bombay. The present 
discriminant role of haptoglobin distribution can be 
further extended. It would also be of interest to extend 
the present family studies on ABO blood group and hapto­
globin interaction to include a larger series to confirm 
or otherwise, the suggestions made by Ritter and Hinkelman 
(1966) and Kirk et al (1970a).
rIn the present studies one of the lowest PGP frequen­
cies reported for any population so far, has been noted 
for the Brahmin, Reddiar and Thevar. This could be 
confirmed by further testing of the same caste groups 
in different geographical regions.
A variant form of the enzyme lactate dehydrogenase 
designated as 'Cal-1' has been found widely occurring and 
in high frequency among Indian populations tested so far 
(Das et al, 1970a; Ananthakrishnan et al, 1970; Blake et al 
1970 This ought to be further extended to some more 
castes and tribals, especially since Ananthakrishnan et al 
(1970) have suggested the possibility of tribal populations 
having a high frequency of 1Cal-1‘ variants. The signi­
ficant difference in the frequency of 'Cal-1' variants 
between the higher and lower castes in Tamilnadu and in 
Bengal (Das, personal communication) needs further
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investigation. It seems likely that the lower castes, 
especially in the rural areas would be subject to consid­
erable disease pressure, hence the earlier suggestion of 
Das et al (1970b) that some factor is, or has been in the 
past, operating selectively to favour the variant form, 
seems plausible. Further studies to explore this 
hypothesis further in the form of intensive geographic 
sampling for different areas in order to examine differ­
ences between tribal and rural communities between age 
groups and within families, is indicated.
The acid phosphatase system has indicated the presenceCin low frequency or absence of the PHs allele in those
Indian populations tested. However, Blake et al (1970a)
rhave suggested the possibility of the PHs allele being 
introduced from the north-west. This necessitates testing 
of the Sikhs and Punjabis from the north west.
The preceding suggestions for future extensions of 
the present study were confined to those genetic systems 
studied at present. The following suggestions are more 
general and extend to other genetic systems and to other 
population groups mainly in Tamilnadu.
The present study of six population groups represents 
a small fraction of a large number of endogamous units in 
Tamilnadu. Extension of the present studies to other castes 
and tribal populations in Tamilnadu would be of value in 
providing gene frequency data for these systems. Such data 
could be used to extend the present genetic distance 
studies with a view to understanding the biological rela­
tionship of these castes.
Earlier studies of Majumdar & Rao(1958), Ghuyre (1969) 
and Thurston (1909) have indicated that there are less
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differences between caste groups living in the same 
region than between the same caste groups living in 
different regions. The present study could be extended 
to the same caste groups living in different geographical 
areas as well as to other castes and tribes sampled in 
different geographical areas.
REFERENCES
95.
ALLISON, A.C., (1955). Aspects of polymorphisms in man.
Cold Spring Harbor Symp„Quant.Bio1., 2_0: 23 9.
ALLISON, A.C. (1964). Polymorphisms and natural selection 
in Human populations. Cold Spring Harbor Symp.Quant. 
Biol., 2j): 137.
ALLISON, A.C. (1968). Genetics and infectious diseases, 
in Haldane and Modern Biology, Ed. K.R. Dronamraju,
Johns Hopkins Press,
ANANTHAKRISHNAN, R., BLAKE, N.M., KIRK, R.L. and BAXI,
A.J. (197 0). Further studies on the distribution of
genetic variants of lactate dehydrogenase (LDH) in India. 
Med. J. Aust., 2_: 787.
APPELLA, E. and MARKERT, C.L. (1961). “Dissociation of 
lactate dehydrogenase into subunits with guanidine 
hydrochloride. Biochem. Biophys. Res . Comm., _6: 171
ASHTON, G.C. and BRADEN, A.W.H. (1961). Serum ß-globulin 
polymorphism in mice. Aust.J .Biol. Sei ., 14_: 248.
BAXI, A.J. and CAMOENS, H. (1969). Studies on haptoglobin 
types in various Indian populations. Hum.Hered., 1_9: 65.
BLAKE, N.M., and KIRK, R.L. (1969). New genetic variant of 
6-phosphogluconate dehydrogenase in Australian Aborigines. 
Nature, 221; 278.
BLAKE, N.M., KIRK, R.L. and BAXI, A.J. (1970a). The
distribution of some enzyme group systems among Marathis 
and Gujaratis in Bombay. Human Heredity, (In press).
BLAKE, N.M., KIRK, R.L., LEWIS, W.H.P. and HARRIS, H.
(1970b). Some further peptidase B phenotypes. Ann.Hum. 
Genet., 33; 301.
BLAKE, N.M., KIRK, R.L., PRYKE, E. and SINNETT, P. (1969). 
Lactate dehydrogenase electrophoretic variant in a New 
Guinea Highland population. Science, 163: 701.
BOWMAN, J.E., CARSON, P.E., FRISCHER, H. and DEGARAY, A .L. 
(1966). Genetics of starch-gel electrophoretic variants 
of human 6-phosphogluconic dehydrogenase : population 
and family studies in the United States and in Mexico. 
Nature, 210: 811.
96.
BOWMAN , J . E . , FRISCHER, H., AJMARr F., CARSON, P.E. and 
GOWER, M.K. (1967). Population, family and biochemical 
investigation of human adenylate kinase polymorphism. 
Nature, 214: 1156.
BREWER, G.J., BOWBEER, D.R. , and TASHIAN, R.E. (1967).
The electrophoretic phenotypes of red cell phospho- 
glucomutase, adenylate kinase and acid phosphatase 
in the American Negro. Acta.Genet, et Stat.Med.,
17: 97.
CANN, H.M. and VAN WEST, B„ (1966). Atypical segregation 
of haptoglobin types. 3rd Int.Cong.Hum.Genet.,Chicago. 
Abstract No.47.
CARTER, N.D., FILDES, R.A., FITCH, L.I. and PARR, C.W. 
(1968). Genetically determined electrophoretic 
variations of human phosphogluconate dehydrogenase. 
Acta Genet.et Stat. Med. 1_8: 109.
CAVALLI-SFORZA, L.L. (196 6) . Population structure and 
human evolution. Proc.Roy.Soc. B. 164: 362.
CAVALLI—SFORZA, L.L. (1967). Human population in 
Heritage from Mendel. Ed. A. Brink. The University 
of Wisconsin Press, Milwaukee & London, p.309.
CAVALLI-SFORZA, L.L., BARRAI, I. and EDWARDS, A.W.F. 
(1964). Analysis of human evolution under random 
genetic drift. Cold Spring Harbor Symp.Quant.Biol.,
24: 9.
CAVALLI-SFORZA, L.L. and EDWARDS, A.W.F. (1967). Phylo­
genetic analysis : models and estimation procedures. 
Evolution, 21: 550.
CAVALLI-SFORZA, L.L., ZONTA, L.A., NUZZO, F., BERNINI, L. 
DEJONG, W.W.W., MEERA KHAN, P., RAY, A.K., WENT, L.N., 
SINISCALCO, M., NIJENHUIS, L.E., VAN LOGHEM, E. and 
MODIANO, G. (1969). Studies on African Pygmies. 1.
A pilot investigation of Babinga Pygmies in the central 
African Republic (with an analysis of genetic distance) 
Amer.J.Hum.Genet., 21: 252.
CENTREWALL, W.R., SAVARINATHAN, G., MOHAN, L.R., BOOSHNAM 
V. and ZACHARIAH, M. (1969). Inbreeding patterns in 
rural South India. Social Biol., 16: 81.
97.
CHAKRAVARTI, M. R.. (1968). Consanguinity in India.
Z.Morph. Anthrop. * 6JD: 17 0.
CLARKE, C.A. (1961). Blood Groups and disease. in 
Progress in Medical Genetics I_. Grune and Stratton,
New York, p81.
CROW, J.F. (1969 ).. Molecular genetics and population 
genetics. Proc. 12th Int.Congr.Genet., 3_: 105..
DAS, S.R. , MUKHERJEE, B.N., DAS, S.K., ANANTHAKRISHNAN,
R., BLAKE, N.M. and KIRK, R.L. (1970b). LDH variants 
in India. Humangenetik, _9: 107.
DAS, S.R. , MUKHERJEE, B..N., DAS, S.K., BLAKE, N.M. and 
KIRK, R.L. (1970a). The distribution of some enzyme 
group systems among Bengalis. Ind.J.Med.Res., (In press).
DAVIDSON, R.G. (1967). Electrophoretic variants of human 
6-phosphogluconate dehydrogenase: population and family 
studies and description of a new variant. Ann.Hum.
Genet., 3 0: 355.
DAVIDSON, R.G., FILDES, R.A., GLEN-BOTT, A.M., HARRIS,H. 
and ROBSON, E.B. (1965). Genetical studies on a variant 
of human lactate dehydrogenase (subunit A). Ann.Hum. 
Genet., 2_9: 5.
DRONAMRAJU, K.R. and MEERA KHAN, P„ (1961). Inbreeding 
in Andhra Pradesh. Proc.2nd. Int. Congr.Hum.Genet.,
Is 126.
DRONAMRAJU, K.R. and MEERA KHAN, P. (1963). A study of 
Andhra Marriages: consanguinity, caste, illiteracy and 
bridal age. Acta Genet, et Stat.Med., 13_t 21.
EDWARDS, A.W.F. and CAVALLI-SFORZA, L.L. (1965). A method 
for cluster analysis. Biometrics, 21_: 3 62.
FILDES, R.A. and HARRIS, H. (1966). Genetically determined 
variation of adenylate kinase in man. Nature, 209: 261.
FILDES, R.A„ and PARR, C.W. (1963). Human red cell phospho- 
gluconate dehydrogenase. Nature, 200, 890.
FISHER, R.A. (1930). The genetical theory of natural 
selection. Clärendön Press"," Ox'foiTfL 2 91 pp.
98.
FITCH, E. W. and NEEL/ J.V. (1969). The phylogenic 
relationships of some Indian tribes of central and 
South America. Amer.J.Hum.Genet., 21: 384.
FORD/ E.B. (1940). Polymorphism and Taxonomy in
The New Systematics. Ed. J. Huxley. The Clarendon 
Press, Oxford, pp 493-513.
FORD, E.B. (1964). Ecological genetics. Methuen, London.
FUHRMANN, W. and LICHTE, K.H. (1966). Human red cell 
acid phosphatase polymorphism. Humangenetik, _3: 121.
GALATIUS-JENSEN, F. (1958). On the genetics of the 
haptoglobins. Acta. Genet, et Stat.Med., 8_: 232.
GHURYE, G.S. (1969). Caste and race in India. Popular 
Prakashan, Bombay.
GIBLETT, E.R. (1959). Haptoglobin types in American 
Negroes. Nature, 183: 192.
GIBLETT, E.R. (1967). Variant phenotypes: haptoglobin, 
transferrin and red cel.1 enzymes. Ed. Greenwalt, T.J., 
in Advances in Immunogenetics, 99: J.B. Lippincott, 
Philadelphia.
GIBLETT, E.R. (1969). Genetic markers in human blood. 
Blackwell Seientific Publications, Oxford. 629 pp.
GIBLETT, E.R. and SCOTT, E.M. (1965). Red cell acid 
phosphatase: racial distribution and report of a new 
phenotype. Amer.J.Hum.Genet., 17: 425.
GIBLETT, E.R. and STEINBERG, A.G. (1960). The inheritance 
of serum haptoglobin types in American Negroes: evidence 
for a third allele, Hp2M.. Amer .J. Hum. Genet., 12_: 160.
GUHA, B.S. (1935). The racial affinities of the people of 
India. Census of India, 1931. Vol.l Part III. i-ixxi.
HALDANE, J.B.S. (1932). The causes of evolution. Harper, 
London and New York, 234 pp.
HARGRAVE, Jr. T. (1969). The political culture of a 
community in change. University of California Press, 
Berkeley and Los Angeles.
99.
HARRIS, H. , HOPKINSON, D.A., HUFFMAN, J„E. and RAPLEY, S. 
(1968). Electrophoretic variation in red cell enzymes, 
in Genetically determined Abnormalities of Red Cell 
Metabolism.' City' of Hope~ Sym'p'. SeriesV~~Vol".l, Grune and 
Stratton, New York.
HARRIS, H., ROBSON, E.B., and SINISCALCO, M. (1958 ). 
Atypical segregation of haptoglobin types in Man. 
Nature, 182: 1324.
HEIKEN, A., HIRSCHFELD, J. and HAUGE, M. (1969). Segre­
gation and linkage analysis of twelve blood and serum 
group systems. Acta genet.et Stat.Med., 1_9: 419.
HOPKINSON, D.A. (1968). Genetically determined poly­
morphisms of erythrocyte enzymes in Man. Adv.in 
Clin.Chem.11: 21.
HOPKINSON, D.A. and HARRIS, H. (1965). Evidence for a 
second structural locus determining human phosphogluco- 
mutase. Nature, 208: 410.
HOPKINSON, D.A. and Harris, H. (1966). Rare phosphogluco- 
mutase phenotypes. Ann. Hum. Genet., 3_0: 167.
HOPKINSON, D.A., SPENCER, N. and HARRIS, H. (1963). Red 
cell acid phosphatase variants : a new human polymorphism. 
Nature, 199: 969.
HORSFALL, W.R. and SMITHIES, O. (1958). Genetic control 
of some human serum ß-globulins. Science, 12 8, 35.
JOYCE, T.A. (1912). Notes on the physical anthropology
of Chinese Turkestan and the Pamirs. J.Roy.Soc.Anthrop. 
Inst. 4_2: 451.
KARP,G.W.Jr.and SUTTON,H.E. (1964). Variations in hetero­
zygous expression at the haptoglobin locus. Amer.J.Hum. 
Genet., 16_: 419.
KARP, G.W. and SUTTON, H.E. (1967). Some new phenotypes 
of human red cell acid phosphatase. Amer.J.Hum.Genet.,
19: 54.
KARVE, I. (1961). Hindu society : an interpretation.
Deccan Postgraduate College and Research Institute,Poona.
KARVE, I. and MALHOTRA, K.C. (1968). A biological comparison 
of eight endogamous groups of the same rank. Current 
Anthrop., 9: 109.
100.
KIMURA, M. (1968). Evolutionary rate at the molecular 
level. Nature, 217: 624.
KING, J.L. and JUKES, T.H. (1969). Non-Darwinian 
evolution. Science, 164: 788.
KIRK, R.L. (1965). The distribution of genetic markers 
in Australian Aborigines. Occasional papers in 
Aboriginal Studies No.4. Australian Institute of 
Aboriginal Studies, Canberra.
KIRK, R.L. (1968). The Haptoglobin Groups in Man.
Monographs in Human Genetics No.4. Eds. Beckman, 
and Hauge, S. Karger, Basel.
KIRK, R.L. (1969). The world distribution of transferrin 
variants and some unsolved problems. Acta Genet.Med. 
Gemellol., 17: 613.
KIRK, R.L. (1970b). A haptoglobin mating frequency, 
segregation and ABO blood group interaction analysis 
for additional series of families. Annals.Hum.Genet.,
(In press).
KIRK, R.L., BLAKE, N.M., LAI, L.Y.C. and COOKE, D.R.
(1969). The distribution of some serum protein and 
enzyme groups among the Malag of Elcho Island.
Archaeol. & Phys.Anthrop. in Oceania, £: 238.
KIRK, R.L., KINNS, H. and MORTON, N.E. (1970a). Interaction 
between the ABO blood group system and haptoglobin 
system. M e r .J.Hum.Genet., 2 2: 384.
KIRK, R.L. and LAI, L.Y.C. (1961). The distribution of
haptoglobin and transferrin groups in south and south­
east Asia. Acta Genet.Stat.Med.,11: 97.
KIRK, R.L., LAI, L.Y.C., VOS, G.H., WICKREMANSINGHE,
R.L. and PERERA, D.J.B. (1962a). The blood and serum 
groups of selected populations in south India and 
Ceylon. Amer.J.Phys.Anthrop., 2j0: 4 85.
KIRK, R.L., LAI, L.Y.C., VOS, G.H., VIDYARTHI, L.P.
(1962b). A genetical study of the Oraons of the Chota 
Nagpur Plateau (Bihar, India). Amer.J.Phys.Anthrop.,
2_0: 375.
KOSAMBI, D.D. (1956). An introduction to the study of 
Indian History. Popular Prakashan, Bombay.
101.
KOSAMBI, D.D. (1965). The culture and civilisation of 
Ancient India, Routledge" and" Keegan Paul, London.
LAI, L.Y.C. (1962). Studies on inherited serum proteins. 
Thesis. University of Western Australia.
LAI, L.Y.C. and KWAr S.B. (1968). Red cell acid phosphatase 
types in some populations of south-east Asia. Acta.Genet. 
Stat.Med., 1_8: 45.
LAI, L.Y.C., NEVO, S. and STEINBERG, A, G. (1964). Acid 
phosphatases of human red cellsrpredicted phenotype 
confirms to a genetic hypothesis. Science, 145: 1187.
LEVENE, H. and ROSENFIELD, R.E. (1961). ABO Incompata-
bility. in Progress in Medical Genetics No.l. pl20,
Grune and Stratton, New York.
LEWIS, W.E.P. and HARRIS, H. (1967). Human red cell pep­
tidases. Nature, 215: 351.
LEWONTIN, R.C. and HUBBY, J.L. (1966). A molecular approach 
to the study of genic heterozygosity in natural populations. 
II. Amount of variation and degree of heterozygosity in 
natural populations of Drosophila Pseudoobscura.
Genetics, 5_4: 595.
MAHALANOBIS, P.C. (1936). On the generalised distance in 
Statistics. Proc .Nat. Ins t. Sei . (India), 1_2: 49.
MAJUMDAR, D.N. and RAO, C.R. (1958). Bengal anthropometric 
survey, 1945: A statistical study. Sankhya, 1_9: 209.
MARKERT, C.L. (1962). Isozymes in kidney development, in 
Hereditary, developmental and immunologic aspects of 
kidney disease. Ed. J. Metcoff, North Western University 
Press, Evanston, Illinois p.54-63. (Quoted in Harris, H. 
[1969] Genes and Isozymes. Proc.Roy.Soc.174 B, 1-31.)
MARKERT, C.L. (1963a). Lactate dehydrogenase isozymes: 
Dissociation and recombination of subunits. Science,
140: 1329.
MARKERT, C.L. (1963b). Epigenetic control of specific 
protein synthesis in differentiating cells. in 
Cytodifferentiation and Macromolecular Synthesis.
Ed. Michael Locke, N.Y. Academic Press, pp65-84.
(Quoted in Harris, H. [1969] Genes and Isozymes. Proc. 
Roy.Soc. 174 B, 1-31)
102.
MARKERT, C.L. (1964). Developmental Genetics. The 
Harvey Lectures, Series 59, 187.
MATSUNAGA, E. (1962). An inert allele Hp° at the Hp 
locus. Jap.J.Hum.Genet., ]_• 133.
MAYR, E. (1963). Animal Species and Evolution. Belknap 
Press, Harvard.
MOLLISON, P.L. (1967). Blood transfusion in Clinical 
Medicine. (4th edition).. F.A. Davis, Philadelphia.
MORTON, N.E., KRIEGER, H. and MI, M.P., (1966). Natural
selection on polymorphisms in north-eastern Brazil.
Amer. J. Hum. Genet., 18: 153.
MOTULSKY, A.G. (1960). Metabolic polymorphisms and the 
role of infectious diseases in human evolution.
Hum. Biol., 32.: 28.
MOTULSKY, A.G. (1964). Hereditary red cell traits and 
malaria. Amer. J.Trop.Med. Hyg., 1_3: 14 7.
MOURANT, A.E., BECKMAN, L., BECKMAN, G., NILSSON, L.O. 
and TILLS, D. (196 8) . Erythrocyte lactate dehydrogenase 
variants in the Icelandic and Swedish populations.
Acta Genet. S tat .Med., 1S_: 553.
MUKHERJEE, B.N. and DAS, S.K. (1970). The haptoglobin and 
transferrin types in West Bengal and a case of 
Haptoglobin 'Johnson1. Hum.Hered., 2JD: 209.
NEEL, J .V. (1967). The genetic structure of primitive 
human populations. Jap .J .Hum. Genet., 1_2: 1.
NEEL, J.V. and SALZANO, F.M. (1967). Further studies on
the Xavante Indians. X. Some hypotheses - generalisations 
resulting from these studies. Amer .J. Hum. Genet., 1_9: 554.
NEEL, J.V. and SCHULL, W.J. (1968). On some trends in 
understanding the genetics of Man. Persp.Biol.Med., 
lli 565.
NEEL, J.V. and WARD, R.H. (1970). Village and tribal 
genetic distances among American Indians and the 
possible implications for human evolution. Proc.Nat.
Acad.Sei., 65: 323.
103.
PARR, C.W. (1966). Erythrocyte phosphogluconate dehydro­
genase polymorphism. Nature, 210: 487.
PARR, C.W. and FITCH, L.I. (1967). Inherited quantitative 
variations of human phosphogluconate dehydrogenase. Ann. 
Hum.Genet., 3 0: 339 .
PARSONS, P.A. (1968). Approaches to future research projects
on the physical anthropology of the Australian Aborigines. 
Aust.Inst.Abor.Studies Newsletter, 2: 10.
PEARSON, K. (1926). On the co-efficient of racial likeness. 
Biometrika, JL8_: 10 5.
POLONOWSKI, M. and JAYLE, M.F. (1938). Existance dans le 
plasma sanguin dlune substance activant l1action peroxy- 
dasique de 11hemoglobine. C.R. Soc.Biol., 129: 457.
POULIK, M.D. (1957). Starch gel electrophoresis in a 
discontinuous system of buffers. Nature, 180: 1477.
RACE, R.R. and SANGER, R„ (1968). Blood Groups in Man.
(5th edition). Blackwell Scientific Publications,
Oxford and Edinburgh.
RAPLEY, S., ROBSON, E.B., HARRIS, H. and SMITH, S.M. (1967). 
Data on the incidence, segregation and linkage relations 
of the adenylate kinase (AK) polymorphism. Ann.Hum. 
Genet., 31_: 237.
RITTER, H. and HINKELMAN, K. (1966). Zur balance des 
polymorphismus der haptoglobine. Humangenetik, 2_: 21.
RISLEY, H. (1901). Ethnographic Appendices. Census of 
India, 1901, Part I,Vol.I.Calcutta office of the 
Superintendent of Government Printing, India (1903).
SANGHVI, L.D., (1953). Comparison of genetical and
morphological methods for a study of biological 
differences. Amer. J.Phys . Anthrop., II_r 385.
SANGHVI, L.D. (1965). Inbreeding in India. World 
Population Conference, II, 503.
SANGHVI, L.D. (1966). Genetic adaptation in Man in 
The Biology of Human Adaptability. Eds. Weiner, J.S. 
and Harrison, G.A.f clarendon Press, Oxford.
104.
SANGHVI, L.D. and KHANOLKAR, V.R. (1949). Data relating 
to seven genetical characters in six endogamous groups 
in Bombay. Ann.Hum.Genet., 15: 52.
SCHWERD, W. and SANDER, I. (1967). Gen-Defekte im haptoglobin 
system. Blut, 1_5: 99.
SEPPALA, M. (1965). Distribution of serum transferrin groups 
in Finland and their inheritance. Ann.Med.Exp.Biol.Finn., 
43: 7.
SEVER, L.E. (1969). ABO hemolytic disease of the newborn 
as a selection mechanism at the ABO locus. Amer.J.
Phys.Anthrop., 3JL: 177.
SMITHIES, 0. (1955). Zone electrophoresis in starch gels:
group variations in the serum proteins of normal human 
adults. Biochem.J., 6_1: 629.
SMITHIES, 0. (1957). Variations in human serum ß-globulins.
Nature, 180: 1482.
SMITHIES, 0. and HILLER, 0. (1959). The genetic control
of transferrin in humans. Biochem.J., A2: 121.
SMITHIES, 0. and WALKER, N.,F„ (1955). Genetic control of
some serum proteins in normal humans. Nature, 176:1265.
SMITHIES, 0. and WALKER, N.F., (1956) . Notation for serum
protein groups and the genes controlling their inheri­
tance. Nature, 178: 694.
SPEISER, P. and PAUSCH, V. (1967). The distribution of 
red cell acid phosphatase variants in Vienna. Vox Sang., 
13: 12.
SPENCER, N., H0PKINS0N, D.A. and HARRIS, H. (1964). 
Phosphoglucornutase polymorphism in Man. Nature, 204:
7 42.
SPUHLER, J.N. (1969). Genetic, linguistic and geograph­
ical distances in native North America. (Personal 
communication to Dr. R.L. Kirk).
SRINIVAS, M.N. (1952). Religion and society among the 
Goorgs of south India, clarendon Press, Oxford.
STEINBERG, A.G., BLEIBTREU, H.K., KURCZYNSKI, T.W.,MARTIN, 
A.0. and KURCZYNSKI, E.M. (1967). Genetic studies on an
105.
inbred human isolate. in Proc.3rd Int.Congr.Hum.Genet., 
Eds. Crow, J.F. and Neel, J.V. p267.
STUART, H.A. (1891). Madras Census Report 1891. (Quoted 
by E. Thurston, Vol.III, 223.) Government Press, Madras.
THURSTON, E. (1909). Castes and Tribes of Southern India. 
Volume I - VII.
TIWARI, S.C.. (1960) . Haptoglobin and transferrin variants
in some upper castes of Bengal. Anthropologist, 1_\ 17.
TIWARI, S.C. (1961). The frequencies of serum hapto­
globins and transferrin types in a Punjabi population. 
Anthropologist, _8: 92.
VESELL, E.S. (1965). Genetic control of isozyme patterns 
in human tissue. in Progress in Medical Genetics No,4. 
Eds. Steinberg, A.G. and Bearn, A.G. Grune and Stratton, 
New York, ppl28.
VOGEL, F. (1970). ABO blood groups and disease. Amer.J.
Hum. Genet., 22_: 464.
VYAS, G.N., BHATIA, H.M., BANKER, D.D. and PURANDARE, N.M. 
(1958). Study of blood groups and other genetical 
characters in six Gujarati endogamous groups in Western 
India. Ann. Hum.Genet. , 22_i 185.
VYAS, G.N., BHATIA, H.M., SUKUMARAN, P.K., BALAKRISHNAN, V., 
SANGHVI, L.D. (1962) . Study of blood groups, abnormal 
hemoglobins and other genetical characters in some 
tribes of Gujarat. Amer . J. Phys. Anthrop., 2j0: 255.
WORKMAN, P.L. and NISWANDER, J.D. (1970). Population 
studies on south-western Indian tribes. II. Local 
genetic differentiation in the Papago. Amer.J. Hum. 
Genet., 2j2: 24.
WRIGHT, S. (1931). Evolution in Mendelian Populations. 
Genetics, _16: 97.
YASUDA, N. and MORTON, N.E. (1967). Studies on human 
population structure. in Proc.3rd Int.Congr.Hum.
Genet., Eds. Crow, J.F. and Neel, J.V., Johns Hopkins 
Press, 249.
PUBLICATIONS
ANANTHAKRISHNAN, R, and KIRKr R.L. (1969). The 
distribution of some serum protein and enzyme 
group systems in two endogamous groups in India, 
Ind.J.Med.Res.r 57: 1011-1017.
DAS, S.R., MUKHERJEE, B.N., DAS, S.K.f ANANTHAKRISHNAN,R. 
BLAKE, N.M. and KIRK, R.L. (1970). LDH Variants in 
India. Humangenetik, _9: 107-10 9.
ANANTHAKRISHNAN, R.r BLAKE, N.M., KIRK, R.L. and BAXI, 
A.J. (1970). Further studies on the distribution of 
genetic variants of lactate dehydrogenase in India.
Med.J. Aust., 2: 787-789.
Humangenetik 9, 107—109 (1970)
LDH Variants in India
S. R. D as , B. N. Mu k h e r je e , and S. K . D as 
Indian Statistical Institute, Calcutta 35, India
R. A nan th ak rish nan , N. M. B lake , and R. L. K irk
Department of Human Biology, John Curtin School of Medical Research 
Canberra, Australia
Received January 29, 1970
Summary. 17 examples of genetically controlled variation of LDH have been encountered 
in a survey of 1331 Indian blood samples collected in Calcutta and Madras. 15 of the variants 
(10 in Calcutta and 5 in Madras) were identical and have been given the trivial name ‘Cal­
cutta-1’. The other 2 examples were found in Madras and have been called ‘Madras-1’. 
‘Calcutta-1’ is an A-subunit variant, whilst ‘Madras-1’ is a B-subunit variant. The overall 
frequency of LDH variants in India (1.28 per cent) is among the highest reported for any 
population in the world.
Genetically controlled varian ts of both the A and B subunits of hum an lactate 
dehydrogenase (E.C. 1.1.1.27: LDH) have been described in a num ber of popu­
lations (Vesell, 1965), bu t the frequency of such varian ts is always low. So far 
Negroes in the U nited S tates and black Africans have the highest reported fre­
quency, approxim ating 1 per cent, although Davidson et al. (1965) reported 
2 variants of the A subunit among 245 Turkish Cypriots and Blake et al. (1969) 
found 6 A subunit varian ts among 406 persons sam pled in  the New Guinea 
H ighlands. Caucasians show low frequencies of variants, only 7 A variants and 
1 B varian t having been described in over 4000 random  persons tested  in the 
U nited States, England, Iceland and Sweden (Vesell, 1965; M ourant et al., 1968). 
No LDH varian ts have been detected in studies of 238 Micronesians, 79 X avante 
Indians in Brazil, 284 American Indians in the U nited S tates and more than  
2000 Aborigines in A ustralia (Vesell, 1965; K irk et al., 1969; in  press).
In  a continuation of studies on the distribution of LD H  varian ts we have 
recently screened 1331 samples from adults in both C alcutta and M adras. In  both 
places a relatively high frequency of varian ts has been observed.
In  Calcutta, blood samples were obtained from blood donors; haemolysates 
(1 vol. washed cells: 1 vol. H 20 ) were prepared within 24 hours and LD H  isozyme 
patterns determ ined using starch  gel electrophoresis (Blake et al., 1969). The 
m ajority of these samples were re-examined in Canberra and the typing was 
confirmed in all cases. In  M adras, samples were obtained from  volunteers during 
two periods as p a rt of another survey being undertaken  by one of us (R.A.). 
Haemolysates were prepared also w ithin 24 hours of collection and stored during 
the 1968 survey in liquid nitrogen and during the 1969 survey in the freezing 
com partm ent of a domestic refrigerator un til shipped by air to  Canberra. LDH
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Table. Frequency of LDH variants in 1331 Indian blood samples
Locality No.
Tested
No. of 
‘Calcutta-T 
Variants
No. of 
‘Madras-1’ 
Variants
All Variants 
per cent 
±  S.E.
Calcutta
Bengali: Hindu 524 8 0 1.53 ±  0.53
Mixed Indian: non Hindu 90 2 0 2.22 ±  1.60
Total 614 10 0 1.63 ±  0.51
Madras
Tamil: Hindu 696 5 2 1.01 ±  0.38
Tamil: non Hindu 21 0 0 0.00
Total 717 5 2 0.98 ±  0.37
isozyme patterns were determ ined in Canberra in a m anner identical with th a t 
used in Calcutta.
In  Calcutta, 8 persons w ith an LDH varian t (‘C alcutta-1’) were noted among 
524 Hindu Bengalis and 2 in 90 non-H indu Indians (Table). R epeat samples were 
obtained from 3 of the persons showing the varian t LDH p a tte rn ; identical results 
were obtained in each case. We have examined also 3 generations in 1 kinship 
with the ‘C alcutta-1’ variant. The pattern  of inheritance is consistent w ith the 
hypothesis th a t the varian t represents the heterozygote for a norm al and m u tan t 
codom inant allele. In  M adras, a to ta l of 7 persons w ith LD H  varian ts was found 
in 717 adults sampled. 5 individuals had a varian t not distinguishable from th a t 
observed in C alcu tta ; in 1 case a repeat sample obtained a year la ter gave an iden­
tical result. The remaining 2 individuals had an LDH pa tte rn  quite d istinct from 
the ‘C alcu tta-1’ variant, and the pa tte rn  has been given the triv ial name ‘M adras-1 ’.
The ‘C alcutta-1’ LDH varian t has a double-banded pa tte rn  for isozyme 2 and 
triple-banded pattern  for isozyme 3 characteristic of an A subunit variation with 
increased electrophoretic m obility. However, our LDH ‘C alcutta-1’ varian t under 
the electrophoretic conditions used consistently reveals a slightly increased mo­
bility  of isozyme 1. Since isozyme 1 is though t to be a te tram er of the B subunit 
its  increased m obility is no t explicable on the basis of a change in the A subunits 
alone. We can offer no explanation of th is phenomenon a t present. The other 
LD H  varian t found in M adras gave a pa tte rn  characteristic of a B subunit varia­
tion, bu t with an electrophoretic mobility slower than  normal.
The incidence of LDH varian ts in the Ind ian  populations sampled in the present 
study  is among the highest so far reported in the world. F urther, since there is 
no significant difference between either the non-H indu and H indu, or between 
C alcutta and Madras it  suggests either th a t genetic varian ts of LDH have been 
present in Indian  populations over a long period of tim e or th a t some factor 
common to  the environm ents both of Bengal and Tam ilnadu is, or has been in the 
past, operating to  selectively favour the varian t form. We are a t present carrying 
out intensive geographical, age-structure and family studies of the d istribution 
of LDH variants in India to  explore this hypothesis further.
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Introduction.
The range of genetic variability, which can be demonstratred in man by laboratory 
investigations of samples of blood and tissues, is increasing rapidly. For blood alone 
the number of polymorphic systems, including blood group antigens, serum protein 
and enzyme groups, is now more than thirty and the number is increasing yearly (Race 
and Sanger, 1968 ; Bowman, 1967 ; Harris et al., 1968).
Indian populations have been surveyed in some detail for a number of blood 
group systems, but knowledge of the distribution of serum protein and enzyme groups 
is still very inadequate. India is unique, however, in having an array of population 
isolates comprised of both tribes and caste groups, the relative isolation of such groups 
being maintained by social factors. Surveys of the distribution of some of the more 
recently discovered polymorphic systems in human blood, therefore, is of importance 
and the present report presents data for two serum protein and four enzyme group 
systems in two endogamous castes, Brahmins and Naickers, in Madras City.
M aterials and methods.
(a) Collection o f samples :
Blood samples were obtained by venepuncture using ‘Vacutainers’ (Becton, 
Dickison & Co., Columbus, Nebraska) with E.D.T.A. or oxalate as an anticoagulant. 
With few exceptions the persons sampled were unrelated and in both groups only 
adults were sampled.
Plasma was separated on the day of collection by centrifuging for five minutes 
at 3,000 r.p.m. The red cells were washed three times in 0T45 M. saline ; the washed 
cells were lysed by the addition of an equal volume of distilled water and the haemolysates 
frozen. Both plasma and haemolysates were transported to Australia in liquid nitrogen 
where the samples were kept at —20°C. until used.
(b) Laboratory methods :
(i) 6-Phosphogluconate dehydrogenase and adenylate kinase.—Electrophoresis 
was carried out in horizontal starch gels (12 per cent hydrolysed starch : Connaught 
Medical Research Laboratories, Toronto, Canada). The electrode buffer was 0-2 M
1
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Na2HP04 adjusted to pH 7-0 with citric acid and the gel buffer was prepared from a 
1 : 20 dilution of the electrode buffer. Samples were inserted in Whatman No 3 mm. 
paper and electrophoresis was carried out for sixteen hours at 3v/cm., the gels being held 
between metal cooling plates in which water at cl5°C. was circulated. After electro­
phoresis the gels were sliced horizontally and one half was examined for 6PGD using 
the reaction mixture of Fildes and Parr (1963) and the other half examined for AK 
using the reaction mixture of Fildes and Harris (1966).
(») Acid phosphatase.—Eleven per cent starch gels were prepared using a 1 : 100 
dilution of phosphate/citrate buffer (0-245M NaH2 P 0 4, 0-15M trisodium citrate, 
0-005M E.D.T.A. per litre) pH 5-9 (Karp and Sutton, 1967). One ml. of ß-mercapto- 
ethanol was added to each 250 ml. of starch solution after de-gassing and prior to pouring 
into the gel trays and electrophoresis was carried out using undiluted buffer in the 
electrode vessels and the other conditions as given above : samples were applied on 
Whatman No. 17 paper. After electrophoresis the intact gels were incubated for three 
hours with phenolphthalein diphosphate (-005M in -05M citrate buffer pH 6-0) and the 
colour developed by adding 1 ml. of concentrated ammonium hydroxide.
(Hi) C5 Esterase.—Eleven per cent starch gels were prepared using a succinic 
acid/Tris buffer (0-016 M succinic acid, 0 0184 M Tris) at pH 5-0. The electrode 
buffer was 0-41M citric acid adjusted with sodium hydroxide to pH 6-0. Electro­
phoresis was carried out at the room temperature without metal cooling plates for 
sixteen hours at 2v/cm. Samples were applied on Whatman No. 1 filter paper. After 
electrophoresis the gels were sliced horizontally and the esterase bands visualised using 
the reaction mixture of Harris and Robson (1963).
(iv) Haptoglobins.—Horizontal starch gel electrophoresis was carried out using the 
discontinuous buffer system of Poulik at pH 8-6 (Poulik, 1957) : 1 drop of 0-5 g. per cent 
Hb solution was added to 3 drops of plasma and the mixture inserted into the gel on 
Whatman No. 3 mm. paper and a voltage gradient of 2v/cm. was applied for 16 hours at 
room temperature. After electrophoresis the gels were sliced horizontally and the hapto­
globin bands visualised using a 0-1 per cent solution of benzidine hydrochloride in a 
1 : 100 acetic acid/water mixture. Immediately before use 0-5 ml. of 100 vol. H20 2 
was added per 100 ml. of this solution.
(v) Transferrins.—Electrophoresis was carried out in 5 per cent acrylamide gel 
slabs using a lithium hydroxide buffer at pH 8-1 (Ashton and Braden, 1961) and a 
vertical acrylamide cell (E.C. Apparatus Corp., Philadelphia, U.S.A.) with an output 
voltage of 350V for 2 hours. The acrylamide slabs were stained for twenty minutes 
with an 0-25 per cent solution of Amido Black in ethanol and cleared in a 5 : 5 : 1 
solution of methanol, water and acetic acid.
Results.
The distribution of phenotypes together with the calculated gene frequencies for 
the three red cell enzyme systems, 6 phosphogluconate dehydrogenase (6PGD), 
adenylate kinase (AK) and acid phosphatase is given in Table I.
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Table I.
Distribution of phenotypes in three red cell enzyme systems, 
(a) 6-Pnosphogluconic dehydrogenase (6 PGD).
Gene 2
frequency XÜ). P-
PGDC-
Phenotypes.
( Obs. 135 2 0 1
Brahm ins 137 i Per cent 98-54 1-46 2 \ •007 •0042 •95 — -9l Exp. 135-08 1-91 0 J
r Obs. 121 9 0 1
Naickers 130 i Per cent 93-08 6-92 0 \ •035 •0055 •95 — -9l Exp. 121-05 8-78 0-16 J
Cb Adenylate kinase (AK).
P henotypes. Gene 2 , s
Number tested. frequency 7 .0 ). P-
1 — 1. 2 — 1. 2 — 2. AK1.
( Obs. 106 16 2 1
Brahmins 124 3 Per cent 85-48 12-90 1-61 [ 0-919 •3524 •75 -  -501 Exp. 1C4-73 18-45 0-82 3
Obs. 101 18 3 3Naickers 122 J Per cent 82-79 14-75 2-46 [ •901 •8455 •50 — -251 Exp. 9904 21-76 1-19 J
(c) Acid phosphatase.
Number tested.
Phenotypes. Gene
frequency.
pb.
X20 )d .f . P-
AA. AB. BB.
f Obs. 10 61 68
Brahmins 139 \ Per cent 7-19 43-88 48-92 ( •708 0-5169 •50 — -25
{ Exp. 11-85 57-71 69-68 J
{ Obs. 6 41 82 ■)
Naickers 129 3 Per cent 4-65 31-78 63-57 1 •794 0-0884 •90 — -751 Exp. 5-44 42-12 81-43 J
For 6PGD, only the ‘common’ or ‘Plaistow’ variant AC (Carter et al., 1968) 
was present in both the Brahmins and the Naickers. This variant represents the PGDa/ 
PGDC heterozygote, and the PGDa frequency in the Brahmins is higher than that in 
the Naickers. A larger sample size would be required, however, to place any reliance 
on the suggestive differences in the frequency of this allele between the two castes.
For the adenylate kinase system both the AKX and AK2 genes are present, and 
the AKX gene frequency approximates 90 per cent, but there is no significant difference 
between the castes (x2( l )=0-948 ; P = 0-50—0-75). In contrast to AK the red cell
4 Some Serum Protein and Enzyme Group Systems.
acid phosphatase types show a marked difference between the Brahmins and the 
Naickers, and a test of the differences in the number of genes shows this to be significant 
(X2( 1)=7*40 ; P=-005—-Of). The BB acid phosphatase type has the highest frequency 
in both castes, and it is noteworthy that the acid phosphatase pc allele was not detected 
in this survey.
Electrophoretic variation of serum pseudocholinesterase is manifest in some 
populations by the presence in varying frequency of a C5 esterase band after starch 
gel electrophoresis (Robson and Harris, 1966). In the present study no examples of 
the C5 band were found in either the Brahmins or the Naickers.
Table II gives the phenotype distribution and the calculated Hp1 gene frequency 
for the haptoglobin groups. No HpO persons were found among the Brahmins : a 
single case was observed in the Naickers. No Hp2-1 mod phenotypes were detected. 
Both the Brahmins and Naickers are predominantly Hp2-2, but the frequency of Hp1 
in the Brahmins is more than three times that in the Naickers. The difference is highly 
significant (xs(l) =  32-26 ; P<-005). In the transferrin system a single Brahmin sample 
showed a CD phenotype ; all others were CC. Preliminary tests on the CD sample 
suggests that the D variant is different from both the Dj and DChi variants, but more 
precise characterization has not been possible so far.
T able II.
Distribution o f phenotypes for haptoglobins and transferrins.
Number
tesred.
Hp P h e n o t y p e s : Gene 
frequency 
H p 1. '
s P-
1 —  1. 2  —  1. 2 — 2. 0 .
f Obs. 4 37 96 0  )Brahmins 137 I  Per cent 2-92 27-01 70-07
0  r 0-164 0-0346 0-90<p>0-75
l  Exp. 3-68 37-57 95-74 0 J
r  Obs. 0 15 119 1* -)
Naickers 135 < Percent 0 11-11 88-14 0-74 L 0-05 0-4356 0-75 <p>0-50
1  Exp. 0-33 12-73 120-93 . .  J
*The HpO individual was omitted in calculating the gene frequency and testing for Hardy-weinberg 
equilibrium.
All samples were tested for transferrin groups. All but one of the samples were CC. A single 
Brahmin sample was CD.
D iscu ssio n .
The results reported here for the 6 phosphogluconate dehydrogenase system and 
the C5 esterase variant are the first obtained for any Indian population ; further investi­
gations will be needed to determine whether there are significant variations in other 
parts of the country or in other caste groups. In other parts of the world the 
PGDC allele varies from zero in one small group of Central American Indians to 
0T52 for Bantu in S. Africa. Caucasions in Europe, N. America and S. Africa give 
values for PGDC ranging from 0-021 to 0'39 (Carter et al., loc. cit.). Recent
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studies in this laboratory have given values for PGDC of 0-039—0-057 for 
Aborigines in the Northern Territory of Australia and in some populations in North 
Australia a new allele, PGDBcho is also present (Blake and Kirk, 1969). The value 
of PGDC for the Brahmins reported here is low but the sample size is small so that 
no great significance can be attached to this at present : the Naicker value is within 
the range for Europeans.
The absence of C5 esterase variants in the serum of both Brahmins and Naickers 
is striking. In Europeans approximately 10 per cent of persons have a C5 variants 
and in the relatively isolated population of Tristan da Cunha the incidence of variants 
is 17 per cent (Harris et al., 1963). Further studies on Indian populations will be of 
interest.
For the acid phosphatase and denylate kinase systems only single series of 
observations on Indians have been reported so far. Lai and Kwa (1968) found a 
frequency of 0-75 for the ph acid phsophatase allele in 116 Indians in Singapore and 
Rapley et al. (1967) gives a value of 0-90 for the AK1 gene among 132 Indians living 
in London. This latter value is identical with that found in the present investigation 
for both Brahmins and Naickers, and is higher than that in Europeans (Radam and 
Strauch, 1968). The AK2 allele is low or absent in American Negroes and black 
Africans. The red cell acid phosphatase system also shows marked differences from place 
to place. Not only do the Brahmins and Naickers differ significantly for the acid 
phosphatase alleles pa and pb but there is complete absence of the pc allele present 
in Europeans. This absence of the pc allele among Indians was noted also by Lai and 
Kwa (Joe. cit.).
Published results for the haptoglobins are more extensive than for the four enzyme 
systems referred to above. World values for the Hp1 gene range from 0-07 to 0-89 
(Kirk, 1968). Indian populations are characterized in general by low values for Hp1, 
the highest reported value of 0-37 being obtained for a small group of Todas (Kirk 
et al., 1962a). In the present survey the Hp1 frequency of 0-16 for the Brahmins is 
comparable to the value of 0-15 for the Oraons of Chhota Nagpur obtained by Kirk 
et al. (1962b), though slightly lower than the values of 0-20 and 0-21 for the Bengalis 
and Punjabis given by Tiwari (1960, 1961). The low values of Hp1 =  0-05 among the 
Naickers is comparable to the value of 0-07 found by Kirk et al. (1962a) for the Irulas. 
It is interesting to note in this connection that Thurston (1909) reports that in the 
1901 census of India the title Naicker is used by a number of Irulas.
Variants of transferrin are rare in some parts of India. Kirk et al. (1962a) found 
none among Tamils, Todas and Irulas although D variants were found among the 
Oraons (Kirk et al., 19626). A critical comparison of these variants showed them 
to be indistinguishable from the Dchl variant characteristic of Mongoloid populations 
(Kirk et al., 1964). More recently relatively high frequencies of transferrin D variants 
have been reported for two tribal groups in Andhra Pradesh (Siniscalco : personal 
communication). In the present study a single CD individual only was present in a total 
of 272 persons tested. The nature of the D variant has not been determined, but it 
appears to differ slightly from both the Dx and Dcm variants. Further investigation
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of this transferrin is in progress. The overall result, however, is consistent with the 
previously reported complete absence of transferrin variants in S. Indian populations.
The present results indicate significant differences between Brahmins and Naickers 
for two (haptoglobin and acid phosphatase) of the six systems examined. A third, 
6PGD, is suggestive of a difference but a larger series is required to confirm this possi­
bility. On the other hand, no significant difference between the two castes is found for 
the adenylate kinase, C5 and transferrin systems. Because of the very low incidence or 
complete absence of variants in the C5 and transferrin systems in S. Indian populations 
they are of course, unlikely to supply useful data in discriminating between caste groups 
in this area. The results for the other systems, however, are in agreement with other 
studies (Sanghvi and Khanolkar, 1950 ; Sanghvi, 1953 ; Sanghvi, 1966 ; Vyas et al., 
1958) which show significant genetic difference, based mainly on blood typing, between 
endogamous caste groups in other parts of India.
Summary.
Blood samples from two endogamous castes, Brahmins and Naickers, in Madras 
city have been examined for genetic variation in four enzyme and two serum protein 
systems. For Brahmins and Naickers the respective gene frequencies are : 6-Phos- 
phogluconate dehydrogenase system, PGD c 0-007 and 0-035 : adenylate kinase, AK 1 
0-919 and 0-901 : red cell acid phsphatase, p b 0-708 and 0-794 : haptoglobin system, Hp1 
0-164 and 0-05. No C5 esterase variants were found in either group and for the trans­
ferrin system a single CD individual was found among the Brahmins. The difference 
between the caste groups is significant for the acid phosphatase and haptoglobin systems, 
and is suggestive of a real difference for the 6-phosphogluconate dehydrogenase system.
The authors are deeply indebted to Dr. K.S. Sanjivi and the Staff of the Voluntary 
Health Services in Madras for facilitating the collection and handling of blood specimens. 
Mr. N.M. Blake and Mrs. J. Pittman gave valuable assistance in Canberra during the 
course of the present investigation.
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